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GENERAL INFORMATION 



Introduction 

NEC's Linear Catalog illustrates the extensive line of 
components available to designers and manufacturers. 
The variety of devices allows greater design alternatives 
and the ability to choose parts that truly fit your 
product needs. NEC's components are designed to 
satisfy industrial, communication, instrumentation, and 
consumer applications. 

Designed for easy reference, NEC's Linear Catalog is 
divided into the following sections. 

General Information - This section includes product 
selection guides, cross reference, ordering information, 
and handling precautions. 

Quality and Reliability - An explanation and detailed 
specifications of NEC's stringent Q&R product testing. 

Operational Amplifiers - Popular second-source opera- 
tional amplifiers, and state-of-the-art J-FET input 
originals, complement a complete line of op-amps. 
Most are available in surface mount packaging. 

Voltage Comparators - Some of the most popular 
comparators are available in either DIP or surface 
mount packaging. 

A/ D-D/A Converters - A full line of D/A converters are 
available with 6-, 8-, 1 0-, and 1 2- bits; also, 8- and 1 0-bit 
CMOS A/D converters with full microprocessing 
capabilities. 

Voltage Regulators -All standards-terminal regulators 
are available in the 7800 and 7900 series, as well as the 
//PC305 DIP. 

Functional Blocks - A wide variety of special products 
are offered including, SMPS controllers, timers, pre- 
cision voltage references, and Charge Coupled Devices 
(CCD Sensors). 



Ordering Information 

NEC integrated circuits may be ordered by contacting 
either the local NEC sales office, representative, or 
authorized distributor. 

Numbering System 

fjPC 1234 C 
■ ' "CI — Package 

B — Ceramic flatpack 
C — Plastic molded DIP 
D — Ceramic DIP/CERDIP 
G2 — Plastic miniflat 
H — TO-220 
HA — Plastic SIP 
J — TO-92 

Device Number 

Product Family 

jjPC — Bipolar Linear Circuits 
jjPD — MOS Circuits 




Temperature Range 




Operating Temperature 


High Reliability 
Industrial 


Commercial 


Ceramic Flatpack 




0°CtG70°C 


Plastic DIP 


-40°Cto+85°C* 


-20°Cto+70°C 


Ceramic DIP 


-40°Cto+85°C* 


-20°Cto+70°C 


Plastic Miniflat 


-40°Cto+85°C* 


0°Cto+70°C 


TO-220 


-40°Cto+85°C* 


-20°Cto+85°C 


Plastic SIP 


-40°Cto+85°C* 


-20°Cto+80°C 


TO-92 


-40°CtG+85°C* 


-20°Cto+85°C 




Storage Temperature 


High Reliability 
Industrial 


Commercial 


Ceramic Flatpack 




-65°Cto+150<'C 


Plastic DIP 


-55°Cto+125°C 


-55°Cto+125°C 


Ceramic DIP 


-55°Cto+150°C 




Plastic Miniflat 


-55°Cto+125°C 


-55°Cto+125°C 


TO-220 




-55°Cto+150°C 


Plastic SIP 




-55°Cto+125°C 


10-92 




-65°Cto+150°C 



*Available For Most Linear Devices. 
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Selection Guide 
Operational Amplifiers 

Temperature Range: C Package (plastic molded DIP) 0°C to +70°C 

G2 Package (plastic molded SO) 0°C to +70°C 

D Package (ceramic cavity DIP) -20°C to +80°C 

* Unless otherwise specified, \/^ = ±15 V, T^ = 25°C 



NEC No. 


Package 


Generic 


VcC 

(+/-V) 
Rec. 


Ice 

(mA) 
Max. 


(mV) 
Max. 


lio 
(nA) 
Max. 


■b 

(nA) 
Max. 


AyoL 
(dB) 

Min. 


e„2 

(nV/>/Hz) 

Typ. 


*UNITY 
(MHZ) 
Typ. 


Slew Rate 

(V///S) 

Typ. 


Single Operational Amplifiers 


/yPC301A 


C/8 


LM301A 


5-16 


3 


7.5 


50 


250 


88 


25 


prog 


prog 


/yPC318 


C/8 


LM31S 


5-16 


10 


10 


ZOO 


500 


88 


15 


10 


70 


/yPC356 


C/8 


LF356 


5-16 


10 


5 


0.05 


0.2 


88 


20 


5 


12 


/iPC357 


C/8 


LF357 


5-16 


10 


5 


0.05 


0.2 


88 


20 


20 
(Av>5) 
(GBW at 
10 kHz) 


50 
(Av>5) 


/iPC741 


C/8 
GZ/8 


A/A741 


7-16 


2.8 


6 


200 


500 


88 


25 


0.6 


0.5 


//PC81P 


C/8 
62/8 


LF411 


5-16 


3.5 


2.5 


0.05 


0.2 


88 


20 


4 


15 


//PC8I33 


C/8 
G2/8 


LF412 


5-16 


3.5 


2.5 


0.05 


0.2 


88 


20 


8 


25 


AfPC406P 


C/8 
G2/8 


TL061 


2-16 


0.25 


10 


0.05 


0.1 


69 


30 


1 


3 


//PC4071 


C/8 
G2/8 


TL071 


5-16 


2.7 


10 


0.05 


0.2 


88 


18 


3 


13 


//PC4081 


C/8 
G2/8 


TL081 


5-16 


2.8 


15 


0.1 


0.4 


88 


25 


3 


13 


/iPC4250 


C/8 
G2/8 


LM4250 


1-16 


prog 


6 


prog 


prog 


96 


25 


prog 


prog 



Notes: 1. Recommended supply voltage range. 

2. Input equivalent noise density at 1 kHz (Rs = 100 O). 

3. New product (Preliminary data). 
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Operational Amplifiers (cent) 

Temperature Range: C Package (plastic molded DIP) 
G2 Package (plastic molded SO) 
D Package (ceramic cavity DIP) 

* Unless otherwise specified, V± = ±15 V, T>x = 25° C 



0°C to +70°C 
0°C to +70°C 
-20°Cto+80°C 



NEC No. 


Package 


Generic 


Vcc' 

(+/-V) 
Rec. 


Ice 

(mA) 
Max. 


Vio 
(mV) 
Max. 


lio 

(nA) 

Max. 


lb 

(nA) 
Max. 


AVOL 

(dO) 
Min. 


e„2 

(nV/x/Hz) 

Typ. 


'unity 

(MHz) 

Typ. 


Slew Rate 

(V/A/8) 

Typ. 




/UPC358 C/8 LM358 
GZ/8 

*SpecifiedatV± = +5V. 


3-30 
(Single 
Supply) 


1.2 


7.0 


50 


250 


88 


32 


0.5 


0.2 


fj?ZBW 


C/8. G2/8 


ORIG 


5-16 


6.8 


3.0 


0.05 


0.2 


88 


20 


4 


15 


AiPC8143 


C/8 


ORIG 


5-16 


6.8 


3.0 


0.05 


0.2 


88 


20 


a 


25 


//PC 1458 


C/8 
G2/8 


MC1458 


7-16 


5.6 


6 


200 


500 


88 


25 


0.6 


0.5 


//PC40623 


C/8 
G2/8 


TL062 


2-16 


0.50 


10 


0.05 


0.1 


69 


30 


1 


3 


//PC4072 


C/8 
G2/8 


TL072 


5-16 


5.0 


10 


0.05 


0.2 


88 


18 


3 


13 


A/PC4082 


C/8 
G2/8 


TL082 


5-16 


5.6 


15 


0.1 


0.4 


88 


25 


3 


13 


//PC4359 


C/14 


LM339 


5-22 


22 


- 


- 


1500 


70 


- 


15 


60 


//PC4556 


C/8 
G2/8 


ORIG 


4-16 


5.6 


6.0 


200 


500 


86 


12 


20 

(Av>10) 

(6BW 8t 

10 kHz) 


5.0 
(Av>10) 


//PC4557 


C/8 


ORIG 


4-16 


5.6 


6.0 


200 


500 


86 


12 


2 


1 


//PC4558 


C/8 
G2/8 


RC4558 


4-16 


5.6 


6.0 


200 


500 


86 


12 


2 


1 


//PC4559 


C/8 


RC4559 


4-16 


5.6 


6.0 


200 


500 


86 


12 


3 


2 


//PC4560 


C/8 
G2/8 


ORIG 


4-16 


5.6 


6.0 


200 


500 


86 


7 


10 
(GBW at 
10 kHz) 


2.8 


/iPC45703 


C/8 
G2/8 


ORIG 


4-16 


8.0 


5.0 


200 


1000 


90 


4.5 


15 
(GBW at 
10 kHz) 


7 




Notes: 1. Recommended supply voltage range. 

2. Input equivalent noise density at 1 kHz (Rs = 100 Q). 

3. New product (Preliminary data). 
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Operational Amplifiers (cent) 

Temperature Range: C Package (plastic molded DIP) 0°C to +70° C 

G2 Package (plastic molded SO) 0°C to +70°C 

D Package (ceramic cavity DIP) -20°C to +80°C 

* Unless otherwise specified, V± = ±15 V, T^ = 25 °C 



NEC No. 


Package 


Generic 


vcc' 

(+/-V) 
Rec. 


■cc 

(mA) 
Max. 


(mV) 
Max. 


'io 
(nA) 
Max. 


lb 

(nA) 
Max. 


AvoL 
(dB) 
Min. 


(nV/x/Hz) 
Typ. 


fUNITY 
(MHz) 
Typ. 


Slew Rate 
[V/us] 
Typ. 


Quad Operational Amplifiers 


yuPC324 C/14 
G2/14 

* Specified at V± = 


LM324 

+5V. 


3-30 
(Single 
Supply) 


2.0 


7.0 


50 


250 


88 


32 


0.5 


0.25 


A(PC3403 C/14 
GZ/14 

* Specified at V± = 


MC3403 

+5V. 


3-32 
(Single 
Supply) 


7.0 


7.0 


50 


250 


88 


32 


1 


0.6 


//PC4064 


C/14 
G2/14 


TLG64 


2-16 


1.0 


10 


0.05 


0.1 


69 


30 


1 


3 


)UPC4074 


C/14 
G2/14 


TL074 


5-16 


10.0 


10 


0.05 


0.2 


88 


18 


3 


13 


/iPC4084 


C/14 


TL084 


5-16 


10.0 


15 


0.2 


0.4 


88 


25 


3 


13 


/yPC4574 


C/14 
G2/14 


GRIG 


±15 


12 


5 


200 


1000 


90 


5 


7 


6 


/yPC4741 


C/14 
G2/14 


HA4741 


2-16 


7.0 


5.0 


50 


300 


88 


10 


3 


1.6 



Notes: 1. Recommended supply voltage range. 

2. Input equivalent noise density at 1 kHz (Rs = 100 O). 

3. New product (preliminary data). 
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Comparators 




















Temperature Range: C Package 




0°C to +70 


'C 














G2 Package (plastic molded SO) 


0°C to +70 


'C 












* Unless otherwise specified, V± = ±15 V, Ta = 25°C 
























■cc 


V|o 


■io 


■b 


AvoL 


'sink' 


Response 








vcc' 


Max. 


Max. 


Max. 


Max. 


Typ. 


Typ. 


Time3 


NEC No. 


Package 


Generic 


(+/-V) 


(mA) 


(mV) 


(nA) 


(nA) 


(dB) 


(mA) 


(ns) 


/yPC311 


C/8 


LM311 


4-18 


7.5 


7.5 


50 


250 


106 


8.0 


200 


(Single) 


G2/8 




5-36 
(Single 
Supply) 
















/7PC319 


C/14 


LM3ig 


5-18 


12.5 


8.0 


200 


1000 


92 


3.2 


80 


(Dual) 


G2/14 




5-18 
(Single 
Supply) 
















/iPC339 


C/14 


LM33g 


2-32 


2.0 


5.0 


50 


250 


106 


4.0 


1300 


(Quad) 


G2/14 




(Single 
Supply) 
















* Specified 


at V+ = +5 V 




















fjpzm 


C/8 


LM3g3 


2-32 


1.0 


5.0 


50 


250 


106 


4.0 


1300 


(Dual) 


G2/8 




(Single 
Supply) 
















*SpecifiedatV+ = +5V. 






















Notes: 1. Recommended supply voltage range. 

2. V+ = +5 V, Vol = 0.4 V. 

3. 100 mV input step with 5 mV overdrive. 
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Voltage Regulators 


Device 


Original 


Operating 

Temperature 

Range (°C) 


VOUT(V) - 


V|N (V) 




■o 
Max. 

(A) 


mVx. 

(W) 


Pacltage 




Mill. 


Max. 




A<PC305C 


305 


0~+70 


4.5-30 


8.0 


40 


0.05 


0.35 


8 pin DIP 


//PC317 


LIIII317 


-20~+80 


+1.3~+30 


4.3 


40 


1.5 


20 


TO-220 


/iPC337 


LM337 


-20~+80 


-1.3—30 


4.3 


40 


1.5 


20 


TO-220 


A/PC2600 


- 


-30~+85 


5.10 


12 


28 


0.5 


20 


TO-220 


A^PC78L05J 


78L05 


-20~+150l 


52 


7 


30 


0.1 


0.8 


10-92 


/iPC78L08J 


78L08 


-20~+150l 


82 


10.5 


30 


0.1 


0.8 


10-92 


/iPC78L12J 


78U2 


-20~+150l 


122 


14.5 


35 


0.1 


0.8 


TO-92 


yuPC78L15J 


78L15 


-20~+150l 


152 


17.5 


35 


0.1 


0.8 


10-92 


fj?mmb 


78M05 


-20~+80 


53 


7 


35 


0.5 


20 


TO-220 


/iPC78M08 


78M05 


-20~+80 


83 


10.5 


35 


0.5 


20 


TO-220 


//PC78M10 


- 


-20~+80 


103 


12.5 


35 


0.5 


20 


TO-220 


//PC78IVI12 


78M12 


-20~+80 


123 


14.5 


35 


0.5 


20 


TO-220 


AiPC78M15 


78M15 


-20~+80 


153 


17.5 


35 


0.5 


20 


TO-220 


/UPC78M18 


78M18 


-20~+80 


183 


21 


35 


0.5 


20 


TO-220 


//PC78M24 


78M24 


-20~+80 


243 


27 


40 


0.5 


20 


TO-220 


//PC7805 


7805 


-20~+80 


53 


7 


35 


1.0 


20 


TO-220 


A'PC7808 


7808 


-20~+80 


83 


10.5 


35 


1.0 


20 


TO-220 


A(PC7812 


7812 


-20~+80 


123 


14.5 


35 


1.0 


20 


TO-220 


//PC7815 


7815 


-20~+80 


153 


17.5 


35 


1.0 


20 


TO-220 


fjiPZim 


7818 


-20~+80 


183 


21 


35 


1.0 


20 


TO-220 


//PC7824 


7824 


-20~+80 


243 


27 


40 


1.0 


20 


TO-220 


A(PC79L05 


7905 


-20~+125l 


-53 


-7 


-20 


0.07 


0.7 


TO-92 


//PC79L08 


7908 


-20~+125l 


-83 


-10.5 


-23 


0.07 


0.7 


TO-92 


/yPC79L12 


7912 


-20-+1251 


-123 


-14.5 


-27 


0.07 


0.7 


TO-92 


//PC79L15 


7915 


-20~+125l 


-153 


-17.5 


-30 


0.07 


0.7 


TO-92 


A/PC79M05 


7905 


-20~+150l 


-53 


-7 


-25 


0.35 


20 


TO-220 


//PC79IVI08 


7908 


-20~+150l 


-83 


-10.5 


-25 


0.35 


20 


TO-220 


A/PC79M12 


7912 


-20~+150l 


-123 


-14.5 


-30 


0.35 


20 


TO-220 


A«PC79IVI18 


7918 


-20~+150l 


-183 


-17.5 


-30 


0.35 


20 


TO-220 


ArPC79M24 


7924 


-20-+1501 


-243 


-27 


-38 


0.35 


20 


TO-220 


AfPC7905 


7905 


-20~+80 


-53 


-7 


-35 


1.0 


20 


TO-220 


A/PC7908 


7908 


-20~+80 


-83 


-10.5 


-35 


1.0 


20 


TO-220 


//PC7912 


7912 


-20~+80 


-123 


-14.5 


-35 


1.0 


20 


TO-220 


A/PC7915 


7915 


-20~+80 


-153 


-17.5 


-35 


1.0 


20 


TO-220 


/iPC7918 


7918 


-20~+80 


-183 


-21 


-35 


1.0 


20 


TO-220 


//PC7924 


7924 


-20~+80 


-243 


-27 


-40 


1.0 


20 


TO-220 



Notes: 1. Junction temperature. 

2. Output voltage accuracy ±10%. 

3. Output voltage accuracy ±5%. 
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Digital to Analog Converters 


Part No. 


Resolution 


Non-Linearity 


Conversion 
Speed 


Supply 
Voltage 


Features 


/yPC603 


6 Bit 


0.4% 


3//S 


±15 


Onboard Vref - Output 
Buffer 


/yPCBlO 


10 Bit 


0.2% 


6//S 


±15 


Onboard Vref - Output 
Buffer 


/yPC624 


8 Bit 


0.19% 


150 ns 


±5 
±15 


Current Output 


AyPC6012 


12 Bit 


0.05% 


400 ns 


+5+15 
-12/-15 


Current Output 


//PC6900 


8 Bit 


1/2 LSB 


20 X lO^sampies/sec 


+5 


Current Output 


//PD70n 
/yPD7011C-l 


8 Bit 


0.4% 
0.2% 


S/yS 


+5 


Current Output 


Analog to Digital Converters 


Part No. 


Resolution 


Non-Linearity 


Conversion 
Speed 


Supply 
Voltage 


Output 


A^PC650 


12 Bit 


0.05% 


45 /iS 


+5 
-15 


Parallel Output 


yuPC6950 


8 Bit 


+1/2 LSB 


20x106sampies/sec 


+5 


Parallel Output 


/yPD7001 


8 Bit 


0.8% 


140 /US 


+5 


Serial Output 


ywPD7002 
//PD7002C-1 


10 Bit 


0.2% 
0.1% 


15 ms 


+5 


Three State Output 


//PD7003 


8 Bit 


0.49% 


4ywS 


+5 


Three State Output 


//PD7004 


10 Bit 


0.15% 


104 //s 


+5 


Serial/Parallel 



Functional Blocks* 



Device 
No. 


Description 


//PC398 


Monolithic Sample and hold circuit 


/yPC494 


Switching regulator (SIVIPS) controller 


/iPC751 


Quad read/write amp for hard disl( media 


/yPC752 


Quad addressable read/write amplifier 


A^PC754 


IVIagnetiG servo head preamp 


/yPC1042 


Switching regulator (SIVIPS) controller 


A/PC1060 


2.5 V precision voltage reference, for use with 0/A and 
A/D converters 


//PCI 555 


Precision Timer (NE 555 direct replacement) 


//PC3423 


Overvoltage "Crowbar" sensing circuit 


/yPD5555/5556 


CMOS 555 Timers 


Xontact manufacturer for specifications. 

Charge Coupled Devices (CCD Sensors) 


Device 
No. 


Description 


fjpumu 


4096 Bit Array 


//P0795D 


1024 Bit Array 


/yP0799D 


2048 Bit Array 
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Part Niimber Index Page 

//PC301 A General Purpose Operational Amplifier 3-1 

//PC305 Precision Positive Voltage Regulator 5-1 

yuPCS1 1 Single Precision Voltage Comparator 4-1 

fjPCSM Three-Terminal Adjustable Positive Voltage Regulator 5-5 

/WPC318 High-Speed Operational Amplifier 3-7 

/UPC319 Dual High-Speed Voltage Comparator 4-7 

ywPC324 Quad Low-Power Operational Amplifier 3-1 07 

fjPC337 Three-Terminal Adjustable Negative Voltage Regulator 5-9 

yuPC339 Quad Low-Power Voltage Comparator 4-13 

/UPC356 J-FET Input Operational Amplifier 3-11 

//PC357 J-FET Input Decompensated Operational Amplifier 3-15 

//PC358 Dual Low-Power Operational Amplifier 3-45 

/iPC393 Dual Low-Power Voltage Comparator 4-17 

/iPC398 Monolithic Sample-and-Hold Circuit 7-1 

//PC494 Switching Regulator Control Circuit 7-3 

//PC603 6-Bit High-Performance D/A Converter 6-1 

//PC610 10-Bit Polarized D/A Converter 6-9 

//PC624 8-Bit High-Speed Multiplying D/A Converter 6-17 

/JPC74^ General Purpose Operational Amplifier 3-21 

//PC751/752 Quad Addressable Read/Write Amplifier 7-13 

//PC754 Magnetic Servo Head Preamplifier 7-19 

/iPD791 4096-Bit COD Image Sensor , .8-1 

/iPD795 1024-Bit COD Image Sensor 8-9 

//PD799 2048-Bit COD Image Sensor 8-17 

//PC81 1 J-FET Input Low-Offset Operational Amplifier 3-25 

//PC812 Dual J-FET Input Low-Offset Operational Amplifier . .... 3-49 

//PC813 J-FET Input Low-Offset Operational Amplifier 3-27 

/WPC814 Dual J-FET Input Low-Offset Operational Amplifier 3-53 

AfPC1042 Switching Regulator Control Circuit 7-21 

//PC1060 Precision 2.5 Volt Reference Regulator 7-27 

//PC1458 Dual General Purpose Operational Amplifier , 3-55 

//PCI 555 Precision Timer Circuit 7-29 

//PC1571 Compander 7-35 

AfPC1663/1664 Ultra-Wideband Differential Amplifier 7-41 

//PC2600 Series Three-Terminal Positive Voltage Regulator 5-13 

//PC3403 Quad High-Performance Operational Amplifier 3-111 

//PC3423 Overvoltage "Crowbar" Sensing Circuit 7-45 

//PC4061 J-FET Input Low-Power Operational Amplifier 3-29 

//PC4062 Dual J-FET Input Low-Power Operational Amplifier 3-59 

/yPC4064 Quad J-FET Input Low-Power Operational Amplifier 3-115 
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Part Number Index (cent) Page 

/iPC4071 J-FET Input Low-Noise Operational Amplifier 3-31 

/iPC4072 Dual J-FET Input Low-Noise Operational Amplifier 3-61 

//PC4074 Quad J-FET Input Low-Noise Operational Amplifier 3-117 

//PC4081 J-FET Input Operational Amplifier 3-35 

/iPC4082 Dual J-FET Input Operational Amplifier 3-67 

/iPC4084 Quad J-FET Input Operational Amplifier 3-121 

)uPC4250 Programmable Operational Amplifier 3-39 

//PC4359 Dual High-Speed Programmable Current Mode Operational Amplifier 3-71 

/iPC4556 Dual Decompensated High-Performance Operational Amplifier 3-79 

A^PC4557 Dual High-Performance Operational Amplifier 3-83 

//PC4558 Dual High-Performance Operational Amplifier 3-87 

/iPC4559 Dual High-Performance Operational Amplifier 3-93 

A/PC4560 Dual High-Performance Operational Amplifier 3-97 

yuPC4570 Dual Ultra Low-Noise, Wideband, Operational Amplifier 3-103 

//PC4574 Quad Ultra Low-Noise, Wideband, Operational Amplifier 3-1 25 

/yPC4741 Quad High-Performance Operational Amplifier 3-1 27 

//PD5555/5556 CMOS Timers 7-51 

/iPC6012 12-Bit High-Speed Multiplying D/A Converter 6-27 

//PD6900 8-Bit CMOS Video D/A Converter 6-35 

//PD6950 8-Bit CMOS Video A/D Converter 6-45 

/yPD7001 8-Bit CMOS Serial Output A/D Converter 6-51 

/>^PD7002 10-Bit CMOS Integrating A/D Converter 6-59 

//PD7003 8-Bit CMOS High-Speed A/D Converter 6-69 

fjPDlOOA 10-Bit CMOS Successive Approximation A/D Converter 6-75 

ywPC701 1 8-Bit NMOS D/A Converter 6-39 

)uPC78L00H Series Three-Terminal 0.1 A Positive Voltage Regulators 5-17 

yuPC78L00J Series Three-Terminal 0.1 A Positive Voltage Regulators 5-23 

//PC78M00 Series Three-Terminal 0.5 A Positive Voltage Regulators 5-29 

fjPClQOO Series Three-Terminal 1 .0 A Positive Voltage Regulators 5-35 

/yPC79L00 Series Three-Terminal 0.1 A Negative Voltage Regulators 5-41 

yuPC79M00 Series Three-Terminal 0.5 A Negative Voltage Regulators 5-45 

fjPClQOO Series Three-Terminal 1 .0 A Negative Voltage Regulators 5-51 
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SEC 



Industry Cross Reference 



AMD 


NEC 


AM 6012 


//PC6012 


0AC08 


/yPC624 




Fairchild 


NEC 


UA 1458 


yuPC1458 


UA301A 


//PC301A 


UA305 


//PC305 


UA3n 


yuPC311 


UA324 


//PC324 


UA33g 


/yPC339 


LIVI358 


/uPC358 


UA393 


A/PC393 


UA3g8 


yuPC398 


UA 4558 


//PC4558 


UA4g4 


//PC494 


UA555 


//PCI 555 


UA733 


ywPC1663 


UA 741 


yuPC741 


UA 78XX 


//PC78XX 


UA 78LXX 


//PC78LXX 


UA 78IVIXX 


//PC78MXX 


UA 79XX 


//PC79XX 


UA 79LXX 


//PC79LXX 


UA 79MXX 


/yPC79MXX 




Intersil 


NEC 


ICM 7555 


//PD5555 


iCM 7556 


//PD5556 




Motorola 


NEC 


DAC08 


ywPC624 


TL071 


//PC4071 


TL072 


//PC4072 


TL074 


//PC4074 


TL081 


//PC4081 


TL082 


//PC4082 


TL084 


//PC4084 


IVIC1403 


//PC1060 


MC 1408-8 


//PC624 


MC 1455 


//PCI 555 


MC 1458 


//PC1458 



Motorola (cont) 


NEC 


U A 301 A 


//PC301A 


LM305 


//PC305 


LM311 


//PC311 


LM317 


//PC311 


LM324 


//PC324 


LM339 


//PC339 


MC 3403 


//PC3403 


MC 34072 


//PC842* 


MC 34074 


//PC844* 


LM358 


//PC358 


MC4558 


//PC4558 


MC4741 


//PC4741 


LM741 


//PC741 


MC 78XX 


//PC78XX 


MC 78LXX 


//PC78LXX 


MC 78MXX 


//PC78MXX 


MC 79XX 


//PC79XX 




National 


NEC 


DAC 08 


//PC624 


LM 1458 


//PCI 458 


LM 2930 


//PC2250 


LM301A 


//PC301A 


LM 305 


//PC305 


LM311 


//PC311 


LM317 


//PC317 


LM319 


//PC319 


LM 320TX 


//PC79XX 


LM324 


//PC324 


LM337 


//PC337 


LM339 


//PC339 


LM 340T 


//PC78XX 


LF356 


//PC356 


LM358 


//PC358 


LM359 


//PC4359 


LM393 


//PC393 


LM398 


//PC398 


LF411 


//PC811 


LF412 


//PC812 


LM 4250 


//PC4250 


LM555 


//PCI 555 



*New product - Data available May 86 
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Industry Cross Reference (cent) 



National (cont) 


NEC 


LIVI741 


//PC741 


LIVI 78XX 


fj?mn 


LM 78LXX 


//PC78LXX 


LM 78IVIXX 


A^PC78IVIXX 


LM 79XX 


/yPC79XX 




PMI 


NEC 


DAC01C 


A(PC603 


DAC02 


yuPC610 


DAC08 


//PC624 




RCA 


NEC 


CA081 


/yPC4081 


CA082 


//PC4082 


CA084 


A/PC4084 


CA1458 


/yPC1458 


CA301A 


AfPC301A 


CA311 


fjPCZU 


CA324 


A/PC324 


CA339 


/yPC339 


CA358 


/yPC358 


CA393 


//PC393 


CA555 


ywPC1555 


CA741 


yuPC741 




SGS 


NEC 


MC1458 


//PCI 458 


L 2605 


/UPC2605 


L2610 


yuPC2610 


LS301A 


/yPC301A 


LIVI317 


yt/PC317 


LIVI324 


fjPZm 


LiVI339 


//PC339 


LIVI358 


//PC358 


LIVI 393 


/;PC393 


LS 4558 


//PC4558 


NE555 


//PCI 555 


NE571 


/yPC1571 


LIVI741 


//PC741 



SGS (cont) 


NEC 


L78XX 


/yPC78XX 


L 78MXX 


//PC78MXX 


L79XX 


/^PC79XX 




Signetics 


NEC 


AM 6012 


fjpcmn 


DAC08 


//PC624 


MC 1408-8 


//PC624 


MC1458 


/^PC1458 


LM311 


/fPC311 


LM319 


/yPC319 


LM324 


//PC324 


LM339 


//PC339 


MC 3403 


/(PC3403 


LM393 


/^PC393 


LF398 


/^PC398 


NE 4558 


/yPC4558 


NE555 


//PCI 555 


NE 5532 


//PC4570 


UA741 


/^PC741 




Texas Inst. 


NEC 


TL061 


/^PC4061 


TL062 


/^PC4062 


TL064 


//PC4064 


TL071 


//PC4071 


TL072 


//PC4072 


TL074 


/^PC4074 


TL081 


//PC4081 


TL082 


/fPC4082 


TL084 


//PC4084 


TL431 


/^PC1093 


MC1458 


/^PC1458 


LM301A 


//PC301A 


LM3n 


/fPC3n 


LM319 


/^PC319 


LM324 


/^PC324 


LM339 


//PC339 


LM358 


//PC358 


LM 393 


//PC393 


RC 4558 


/(PC4558 


RC 4559 


/^PC4559 
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Industry Cross Reference (cent) 



Texas Inst 


. (cont) 




NEC 


TL494 






//PC494 


NE555 






//PCI 555 


UA741 






/yPC741 


UA 78XX 






AyPC78XX 


UA 78LXX 






/yPC78LXX 


UA 78IVIXX 






A/PC78IV1XX 


UA 79XX 






/iPC79XX 


UA 79LXX 






//PC79LXX 


UA 79IVIXX 






fjpcimn 


Full Product Line Guide 

SINGLE OP AMPS 


Part No. 


Package 


Description 





//PC301A 


C-8pin 


General Purpose OP Amp 


A/PC318 


C-8 pin 


High Speed Op Amp 


/;PC356 


C-8pin 


J-FET Input Op Amp 


/yPC357 


C-8 pin 


J-FET Input Low Power, Op Amp 


//PC741 


C/G2 - 8 pin 


General Purpose Op Amp 


/iPC811 


C/G2 - 8 pin 


JFET Input High Performance Op Amp 


/yPC813 


C/G2 - 8 pin 


JFET Input High Performance Op Amp 


//PC4061 


C/G2 - 8 pin 


J-FET Input, Low Power, Op Amp 


/.PC4071 


C/G2 - 8 pin 


J-FET Input, Low Noise, Op Amp 


//PC4081 


C/G2 - 8 pin 


J-FET Input, Low Offset/Bias Current 


)uPC4250 


C/G2 - 8 pin 


Programmable Op Amp 


DUAL OP AMPS 


//PC358 


C/G2 - 8 pin 


Low Power Op Amp 


//PC812 


C-8 pin 


J-FET Input Low Offset Voltage, High 
Stability. Op Amp 


yuPC814 


C-8 pin 


High Performance 


/;PC1458 


C/G2 - 8 pin 


General Purpose Op Amp 


//PC4062 


C/G2 - 8 pin 


J-FET Input, Low Power, Op Amp 


/iPC4072 


C/G2 - 8 pin 


J-FET Input, Low Noise. Op Amp 


//PC4082 


C/G2 - 8 pin 


J-FET Input, Low Offset/Bias Current 


//PC4359 


C-8 pin 


High Performance 


A«PC4556 


C/G2 - 8 pin 


High Performance, Decompensated, Op 
Amp 


yuPC4557 


C-8 pin 


High Performance Op Amp 


yuPC4558 


C/G2 - 8 pin 


High Performance Op Amp 


/iPC4559 


C-8 pin 


High Performance Op Amp 


/yPC4560 


C/G2 - 8 pin 


High Performance Op Amp 


yuPC4570 


C/G2 - 8 pin 


Ultra Low Noise. Wide Bandwidth Op 
Amp 


QUAD OP AMPS 


yuPC324 


C/G2-14pin 


Low Power Op Amp 


//PC3403 


C/G2-14pin 


Low Power Op Amp 


/7PC4064 


C/G2-14pin 


J-FET Input. Low Power Op Amp 


/yPC4074 


C/G2-14pin 


J-FET Input. Low Power Op Amp 


/.PC4084 


C- 14 pin 


J-FET Input. Low Offset/Bias Current 


/yPC4574 


C/G2-14pin 


Ultra Low Noise. High Bandwidth 


/yPC4741 


C/G2-14pin 


High Performance Op Amp 



COMPARATORS 



Part No. Paclcage 



Description 



/yPCSn C/G2-8pin 

/vPC319 C/G2-14pin 

//PC339 C/G2-14pin 

/iPC393 C/G2 - 8 pin 



Precision Comparator (Single) 
High Speed Comparator (Dual) 
Low Power Comparator (Quad) 
Low Power Comparator (Dual) 



COD = CHARGED COUPLED DEVICES FOR 
IMAGE SENSING 



yuPC603 


D 


14 pin 


yuPCBlO 


D 


18 pin 


/vPC624 


D 


16 pin 


//PC6012 


C 


20 pin 


//PD6900 


C 


22 pin 


/yPD7011 


C 


18 pin 



High Performance. 6-Bit D/A 
Polarized. 10-Bit D/A 
Multiplying. High Speed. 8-Bit D/A 
IVIultiplying. High Speed, 12-Bit D/A 
Video DAC, 20 mHz CMOS 
Serial/Parallel I/O, NMOS 8-Bit D/A 



DIGITAL TO ANALOG CONVERTERS 



//PD791 
/yPD795 



D- 24 pin 
D- 20 pin 



/yPD799 D - 24 pin 



4096-Bit Linear Image Sensor, CCD, 7 
/um by 5 ywm Photo Element Size 
1024-Bit Linear Image Sensor. CCD. 
14 /ym by 9 /um Photo Element Size 
2048-Bit Linear Image Sensor. CCD. 
14/im by 9/ym Photo Element Size 



ANALOG TO DIGITAL CONVERTERS [CMOS] 



/yPD6950 
//PD7001 



C - 24 pin 
C- 16 pin 



/yPD7002 C - 28 pin 

//PD7002(-1) C- 28 pin 

/yPD7003 C - 24 pin 

AfPD7004 C - 28 pin 



Video ADC, 20 mHz Flash CMOS 
Serial Output, 4 Channel Input, CMOS, 
8-Bit Succesive Approximation A/D 
4 Channel Input. CMOS, 8/10-Bit 
Integrating A/D (Accuracy 0.2% FSR) 
Same asyuPD7002 with Higher 
Conversion accuracy (0.1% FSR) 
High Speed. Parallel (FLASH). CMOS 
8-Bit A/D (Conversion time 4/ys) 
8 Channel Input, Serial or Parallel 
Output. CMOS 10-Bit A/D 
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FUNCTIONAL BLOCKS 



Part No. 



Package 



Description 



/;PC305 

//PC398 

//PC494 

/;PC751 

//PC752 

//PCI 042 

//PCI 060 

/yPC1555 
//PC1571 
//PCI 663 
//PCI 664 
//PC3423 
//PC5555/6 



C - 8 pin Voltage Regulator Controller 

C - 8 pin Monolithic Sample and Hold Circuit 

C/G2 - 1 6 pin Switching Regulator (SMPS) Controller 

B/D - 22 pin Quad Read/Write Amp for Hard Disk 

B - 22 pin 4 Input/Output, Hard Disk Amplifier 

C - 16 pin Switching Regulator Control Circuit 

C - 8 pin 2.5 Volt Precision Voltage Reference, 
for use with 0/A and A/D Converters 

C/G2 - 8 pin Precision Timer 

C- 16 pin Compander 

C - 8 pin Ultra Wide Bandwidth Differential Amp 

C - 14 pin Ultra Wide Bandwidth Differential Amp 

C - 8 pin Precision Timer 

C/G2 - 8/14 pin CIVIOS Precision Timers 



VOLTAGE REGULATORS 

Positive-3 Terminal Regulators-0.1 AMP 



/(PC78L05 
//PC78L08 
//PC78L10 
//PC78L12 
//PC78L15 



TO-92 
TO-92 
TO-92 
TO-92 
TO-92 



5 Volt, Fixed 
8 Volt, Fixed 
10 Volt, Fixed 
12 Volt. Fixed 
15 Volt. Fixed 



VOLTAGE REGULATORS 

Positive-3 Terminal Regulators-0.5 AMP 



//PC2605 

//PC2610 

//PC78IVI05 

//PC78M08 

//PC78M10 

//PC78M12 

A(PC78M15 

//PC78M18 

//PC78IVI24 



TO-220 
TO-220 
TO-220 
TO-220 
TO-220 
TO-220 
TO-220 
TO-220 
TO-220 



5 Volt, Fixed Low Drop 

10 Volt, Fixed Low Drop 

5 Volt, Fixed 

8 Volt, Fixed 

10 Volt, Fixed 

12 Volt, Fixed 

15 Volt. Fixed 

18 Volt, Fixed 

24 Volt. Fixed 



VOLTAGE REGULATORS 

Positive-3 Terminal Regulators-1.0 AMP 



Pacliage 



Description 



//PC317 


TO-220 


3 to 30 Volt. Variable 


//PC7805 


TO-220 


5 Volt. Fixed 


//PC7808 


TO-220 


8 Volt. Fixed 


//PC7812 


TO-220 


12 Volt. Fixed 


//PC7815 


TO-220 


15 Volt, Fixed 


//PC7818 


TO-220 


18 Volt, Fixed 


//PC7824 


TO-220 


24 Volt, Fixed 



VOLTAGE REGULATORS 

Negative-3 Terminal Regulators-0.1 AMP 



//PC79L05 TO-92 

//PC79L08 TO-92 

//PC79L12 TO-92 

//PC79L15 TO-92 



5 Volt. Fixed 
8 Volt. Fixed 
12 Volt. Fixed 
15 Volt. Fixed 




VOLTAGE REGULATORS 

Negative-3 Terminal Regulators-0.5 AMP 



/iPC79IVI05 TO-220 

//PC79IVI08 TO-220 

//PC79M12 TO-220 

//PC79IVI15 TO-220 

//PC79IVI24 TO-220 



5 Volt. Fixed 
8 Volt. Fixed 
12 Volt. Fixed 
15 Volt. Fixed 
24 Volt, Fixed 



VOLTAGE REGULATORS 

Negative-3 Terminal Regulators-1.0 AMP 



//PC7905 
//PC7908 
//PC7910 
//PC7912-. 
//PC7915 
//PC7918 
//PC7924 



TO-220 
TO-220 
TO-220 
TO-220 
TO-220 
TO-220 
TO-220 



5 Volt, Fixed 
8 Volt, Fixed 
10 Volt, Fixed 
12 Volt, Fixed 
15 Volt, Fixed 
18 Volt, Fixed 
24 Volt. Fixed 



Contact your local NEC sales office for more information 



Notes: C = Plastic DIP G2 = Plastic IVIinlflat DIP 
D = Ceramic DIP B= Ceramic Flat Pack 
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Discontinued Products 



Old Part Number 



Replacement 



Old Part 



Replacement 



Old Part Number 



Replacement 



A<PC55D 


None 


A/PC141C 


//PC305 


A/PC151 


//PC741 


/.PCI 54 


None 


yuPC156 


None 


A/PC157 


yuPCSOl 


A/PC159 


//PC318 


//PCI 77 


A(PC339 


yuPC209 


//PC4359 


//PC251 


A(PC1458 



//PC254 


None 


/yPC258 


//PC4558 


//PC259 


/yPC4560 


A/PC271 


AfPC3n 


A(PC272 


//PC319 


//PC277 


//PC393 


A(PC354 


None 


//PC451 


//PC324 


//PC452 


//PC3403 


A(PC454 


None 



AfPCOie 


//PC3911 


//PC617 


A(PC1555 


//PC646/647 


None 


//PC648 


/UPC6012 


AfPC649 


A/PC398 


fjPCm 


//PC4081 


/iPC802 


//PC4250 


//PC803 


/UPC4082 


/iPC804 


//PC4084 



//PCI 251 



//PC358 



//PC253 



None 



//PC458 



//PC4741 
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QUALITY AND RELIABILITY 



Introduction 

NEC Electronics is dedicated to producing tine iiiginest 
quality electronic components at competitive prices 
with on-time deliveries. In order to guarantee this high 
level of product reliability, it is essential to build quality 
into the product — at every phase of operation. 

NEC has introduced the concept of Total Quality 
Control (TQC) across its entire semiconductor pro- 
duct line. By adopting TQC, NEC builds high quality 
into Its products, thus assuring higher reliability. This 
concept and methodology of TQC are company-wide 
activities involving all levels of management, engi- 
neers, quality control staff, and support staff functions. 

NEC's goal is to further improve the superior product 
that is synonymous with its name. That's why extensive 
failure analysis tests are performed and corrective 
actions taken prior to marketing products. At the same 
time, research and development efforts to achieve even 
higher standards are an ongoing process. 

Quality Control Implementation 

Building excellence into a product requires the earliest 
possible detection of failure in each phase. Immediate 
action must be taken to remove the cause of failure. 
Fixed-station quality inspection often precludes the 
ability to take immediate action. It is, therefore, neces- 
sary to perform quality control functions at each step 
— especially at the conceptual stage. 

Significant quality stages include: 

• Product Development 

• Wafer Processing 

• Assembly 

• Electrical Testing and Screening 

• Pre-lnventory Inspection 

• Reliability Assurance Test 

Product Development 

The product development phase includes product 
conception, review of the device proposal, organiza- 
tion and physical element design, engineering evalua- 
tions, and transfer of the product to manufacturing. 

In every step of the product development phase, 
quality and reliability requirements must be satisfied. 
Utilizing the TQC approach has shortened the product 
development cycle by two to three months. At NEC, 
building superiority into the product is essential. 



Wafer Processing 

During the wafer processing stage, the in-process qual- 
ity inspections that occur are as follows: 



Process 


Inspection Item 


Wafer 


Resistivity, Dimension, and 
Appearance, Lot Sampling 
Inspection 


Photo- 
Lithography 


Alignment and Etching, 100 
percent inspection 


Diffusion and 
Oxidation 


Oxide Thickness, Sheet 
Resistivity, Lot Sampling 
Inspection 


Metallization and 
Passivation 


Thickness, Vth. C-V Charac- 
teristics, and Lot Sampling 


Wafer Sort and 
Scribe 


DC Parameters, 100 Per- 
cent Inspection 


Die Sort 


100 Percent Visual 
Inspection 




Assembly 

The in-process quality inspections performed during 
the chip-mounting and packaging stage are as follows: 



Process 


Inspection Item 


Die 


Incoming Material 
Inspection 


Die Attach 


Appearance, Lot Sampling 
Inspection 


Wire Bonding 


Bond Strength, Appear- 
ance, Lot Sampling 


Packaging 


100 Percent Appearance 
Inspection 


Fine Leak* 


Lot Sampling 


Gross Leak* 


100 Percent Inspection 



Note: *For ceramic package devices only. 
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Electrical Testing and Screening 

Electrical testing and infant mortality screening are 
performed at this stage. The flow chart below depicts 
the process. (Please note: The following diagram 
illustrates NEC's basic flow and is similar to most 
processes. Some product lines may have variations. 
However, in all cases NEC strives for zero defects.) 



Flow 


Process 


Frequency 


P 


1st Electrical 


100% 




$ 


2nd Electrical 


100% 


No 


^ 


> PDA 


100% 


c 


] Pre-lnventory Inspection 


Every lot 




c 


1 Reliability 

J Assurance Tests 


Every lot or 
every month 



Warehouse/Finished Goods 

During the first electrical test, DC parameters are 
tested in accordance with electrical specifications, on 
100% of each lot. This prescreen performance is prior 
to the infant mortality testing. 

In the second electrical test, AC functional as well as 
DC parameter tests are performed. If the percentage of 
defective units exceeds a set limit, the lot is subjected 
to an additional burn-in. During this second burn-in, 
the defective units undergo a failure analysis. The 
results of this analysis are then fed back for ap- 
propriate corrective action. 

Pre-inventory Inspection 

Prior to warehouse storage, lots are subjected to an 
incoming inspection according to the following sam- 
pling plan: 

Electrical test: DC parameters LTPD 3% 

Function test LTPD 3% 

Appearance LTPD 3% 



Reliability Assurance Testing 

A large part of NEC's Total Quality Control program 
involves various types of reliability assurance tests per- 
formed to ensure the highest product quality and relia- 
bility possible. 

The High Temperature Operating Life Test is used to 
accelerate failure mechanisms by operating the devices 
at an elevated temperature. The data obtained is then 
translated to a lower temperature. 

Integrated circuits are highly sensitive to the general 
accelerating effect of humidity in causing electrolytic 
corrosion between biased lines. High Temperature and 
High Humidity Tests are performed to detect failure mech- 
anisms which are accelerated by these conditions. It is 
especially effective in accelerating leakage-related fail- 
ures and drifts in device parameters due to process 
instability. 

Another common test is the High Temperature Storage 
Test. In this test, devices are subjected to elevated tem- 
peratures with no applied bias. This test is used to detect 
any mechanical problems or process instability. 

The Environmental Test is performed to detect problems 
related to packaging, material, susceptibility to environ- 
mental extremes, and problems related to usage of the 
devices. 

Summary 

Building quality and reliability into products is the most 
efficient way to ensure product excellence. NEC's adop- 
tion of quality control functions at each process step 
forms a consolidated quality control system, which 
guarantees a superior product. 

With company-wide practice of Total Quality Control, 
NEC is committed to producing superior products. 
Through continuous research and development, exten- 
sive failure analysis and process improvements, higher 
standards of quality and reliability are continuously set 
and maintained. 
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Quality Control Flowchart 



Manufacturing Stores Purchased Materials Verification 



Industrial 
Cavity DIP 



Industrial 
Plastic DIP 



Commercial 
Plastic DIP 



Mask Making Visual Mask Inspection 



Wafer Lot Acceptance 100% Visual Inspection 



< 



100% Electrical Sorting 



< 



100% Visual Inspection 



< 



Visual Inspection 



X 100 Magnification 



Bond Strength Test 
(Process Check) 



< 



3 



Visual Inspection 



Sealing/Molding 



< Gross/Fine ^ f 



J 



Transfer Molding 



Screening/Aging 



<Temp Cycling ^ f 
Temp Storage J I 



Electrical Sorting 







l"^ 


oiiny 




1 


NO 


^^ In-warehouse 






^^v.,^^^ Inspection 




100% Electrical Sorting 



Lot Sampling 



3 



Electrical Testing LTPD 3% 



( Shipping j 






3 

3 



3 



) 
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Periodica 

Industrial C 


il Reliability Test 

avity DIP 

Test Items Test Conditions 


Industrial Miniflat IC 

Test items Test Conditions 




Environmental Solderablllty 230°C, 5sec, once 


Environmental 
Test 


Soldering Heat 
Temperature Cycle 

Thermal Shock 


260°C, lOseconce 

-65°Cto+150°C, 

10 cycles, 30 min each temp 

100°C and 0°C, 15 cycles, 
5 mIn each temp 


^^^ Temperature Cycle -65°Cto+150°C, 

10 cycles, 30 min each temp 

Thermal Shock 1 00 °C and °C, 1 5 cycles, 
5 min each temp. 




Life Test Bias Temperature Test Ta = 1 25 °C, Maximum Rated 




Mechanical Shoci( 


1500G, 0.5 ms, 
XYZ Axis, 5 times 


Voltage, 1000 hours 




High Temperature Storage Ta = 150°C, 1000 hours 
Test 




Variable Frequency 
Vibration 


100 Hz to 2000 Hz, 20G, 
XYZ Axis, 4 times 




High Temperature, High Ta = 65 °C, Rh=95%, 
Humidity Storage Test 1000 hours 




Constant Acceleration 


2000G, XYZ Axis, 1 min each 




Lead Fatigue 


250 g, 90 degrees, 3 times, 
3 or 4 leads 


Pressure Cooker Test Ta = 1 25 °C, Rh = 1 00%, 
48 Hr 


Solderablllty 


230°C, 5sec, once, with 
rosin flux 


Note: 1. Periodical reliability test is carried out every three months 
for each product. 


Life Test 


Bias Temperature Test 


Ta-125°C, Maximum Rated 
Voltage, 1000 hours 






High Temperature Storage 
Test 


Ta = 175°C, 1000 hours 




Industrial Plastic Molded DIP 
Test Items 


Test Conditions 




Environmental 
Test 


Soldering Heat 
Temperature Cycle 

Thermal Shock 


260 °C, lOseconce 

-65°Cto+150°C, 

10 cycles, 30 min each temp 

100°C and 0°C, 15 cycles, 
5 min each temp 






Lead Fatigue 


250 g, 90 degrees, 3 times, 
3 or 4 leads 






Solderablllty 


230°C, 5sec, once, with 
rosin flux 




Life Test 


Bias Temperature Test 


Ta = 125°C, Maximum Rated 
Voltage, 1000 hours 






High Temperature Storage 
Test 


Ta = 150°C. 1000 hours 






High Temperature, High 
Humidity Storage Test 

Pressure Cooker Test 


Ta = 65°C,Rh=95%, 
1000 hours 

Ta = 125°C,Rh = 100%, 
96 Hr 
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OPERATIONAL AMPLIFIERS 
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Section 3 — Operational Amplifiers 

Single 

//PC301 A General Purpose Operational Amplifier 3-1 

/;PC318 High-Speed Operational Amplifier 3-7 

/yPC356 J-FET Input Operational Amplifier 3-11 

yuPC357 J-FET Input Decompensated Operational Amplifier 3-15 

//PC741 General Purpose Operational Amplifier 3-21 

ywPC81 1 J-FET Input Low-Offset Operational Amplifier 3-25 

/yPC813 J-FET Input Low-Offset Operational Amplifier 3-27 

A(PC4061 J-FET Input Low-Power Operational Amplifier 3-29 

yuPC4071 J-FET Input Low-Noise Operational Amplifier 3-31 

//PC4081 J-FET Input Operational Amplifier 3-35 

//PC4250 Programmable Operational Amplifier 3-39 

Dual 

/iPC358 Dual Low-Power Operational Amplifier 3-45 

/yPC812 Dual J-FET Input Low-Offset Operational Amplifier 3-49 

/iPC814 Dual J-FET Input Low-Offset Operational Amplifier 3-53 

//PC1458 Dual General Purpose Operational Amplifier 3-55 

/yPC4062 Dual J-FET Input Low-Power Operational Amplifier 3-59 

//PC4072 Dual J-FET Input Low-Noise Operational Amplifier 3-61 

/yPC4082 Dual J-FET Input Operational Amplifier 3-67 

//PC4359 Dual High-Speed Programmable Current Mode Operational Amplifier 3-71 

/iPC4556 Dual Decompensated High-Performance Operational Amplifier 3-79 

/C/PC4557 Dual High-Performance Operational Amplifier 3-83 

//PC4558 Dual High-Performance Operational Amplifier 3-87 

/yPC4559 Dual High-Performance Operational Amplifier 3-93 

//PC4560 Dual High-Performance Operational Amplifier 3-97 

/yPC4570 Dual Ultra Low-Noise, Wideband, Operational Amplifier 3-103 

Quad 

/yPC324 Quad Low-Power Operational Amplifier 3-107 

yuPC3403 Quad High-Performance Operational Amplifier 3-111 

/iPC4064 Quad J-FET Input Low-Power Operational Amplifier 3-115 

/yPC4074 Quad J-FET Input Low-Noise Operational Amplifier 3-117 

ywPC4084 Quad J-FET Input Operational Amplifier 3-121 

/iPC4574 Quad Ultra Low-Noise, Wideband, Operational Amplifier 3-125 

//PC4741 Quad High-Performance Operational Amplifier 3-127 

Definition of Terms 3-131 
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/yPC301A 

GENERAL PURPOSE 

OPERATIONAL AMPLIFIER 



Description 

The ^PCZO^k is a general purpose amplifier offering 
higher performance than 709 type operational amplifiers. 
This amplifier offers virtually foolproof operation with 
overload protection on both input and output to prevent 
latch-up when the common mode range is exceeded. In 
addition, circuit stability is assured by use of a single 
30-pF capacitor. Frequency compensation can also be 
tailored to meet the needs of individual circuits with a 
single external capacitor. 

Features 

D Wide common mode and differential voltage range 

□ Short-circuit protection 

D No latch-up 

D Offset voltage null capability 

D Adjustable frequency and transient response 

characteristics 
D LM301A direct replacement 

Equivalent Circuit 



Pin Configuration 







8 C2 
7 V+ 
6 Output 

5 Offset Null 

83-002060A 


Ci 1 
- Input 2 
+ Input 3 

V 4 












iPC301AC 


— ' 


/ 
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Electrical Characteristics 

Ta = 25°C, V± = ±5 V to ±1 5 V 



Ordering Information 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset 
Voltage 


Vio 




2.0 


7.5 


mV 


RS < 50 kn 


input 

Offset Voltage 
Drift 


AVjo/Al 




6.0 


30 


//V/°C 


RS < 50 kQ. 
V± = ±15V 


Input Offset 
Current 


lio 




3 


50 


nA 




Input 

Offset Current 

Drift 


AVjo/Al 




0.02 


0.6 


nA/°C 


V± = ±15V 


Input Bias 
Current 


lb 




70 


250 


nA 




Input 
Impedance 






0.5 


2 


MO 




Large Signal 
Voltage Gain 


AVOL 




88 


104 


dB 


V± = ±15V. 
Vo = ±10V, 
RL > 2 1(0 


Supply 
Current 


icc 




1.8 


3 


mA 




Output 
Voltage 
Swing 


Vom 


±12 


±14 




V 


V± = ±15V. 
RL>10kO 


Output 
Voltage 
Swing 


Vom 


±10 


±13 




V 


V± = ±15V, 
Rl > 2 kO 


Common 
Mode Input 
Voltage Range 


Vicm 


±12 






V 


V± = ±15V 


Common 

Rejection 
Ratio 


CMRR 


70 


90 




dB 


RS < 50 kO 


Supply 
Voltage 
Rejection 
Ratio 


SVRR 


70 


90 




dB 


RS < 50 kO 



Part 

Number Package 


Operating 

Temperature 

Range 


//PC301AC Plastic DIP 


0°Cto+70°C 


Absolute lyiaximum Ratings 

Ta = 25°C 




36V 


Power Dissipation 


350 mW 


Differential Input Voltage 


±30 V 


Input Voltage (Note 1) 


±15V 


Output Sliort Circuit Duration 


Indefinite 


Operating Temperature Range , 


0to+70°C 


Storage Temperature Range 


-55to+125°C 



Note: 1. For supply voltages less than ±15 V, the absolute maximum 

input voltage is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 
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Typical Characteristics 

Ta = 25°C 



Standard Compensation and Offset Balance Circuit Singie Pole Compensation 



/yPC301A 




83-002061 A 



Open Loop Frequency Response 













V± = 


±15 V 


v^ 


"■^>. 


Ta - +Z5"c; 




\[ 


N 












30 p 


n: 


^^; 


3pF 












X 
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\ 














X 


\ 














^ 



1k 10k 

Frequency (Hz) 



100 k 1 M 10 M 



Ri 
O VV\ — *■ 



o — wv 

R3 = Ri//R2 



//PC301A 




1 UU Ci^"^-^^ 
n r Ri + R2 

^1 Cs = 30 pF 



Large Signal Frequency Response 



>'^ 20 





















V± 


1 
= +15V 




















T« 


= +25°C 
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L 


pF 


\ 


V" 


3pF 
















\ 
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\ 






















- 




^^ 


- 
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Voltage Follower Pulse Response 
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Typical Characteristics (Cent.) 

Ta = 25°C 



Two Pole Compensation 



Ri 

O '^Ar- 



O— ^VW- 



R3 = Ri//R2 




Ci§ 



RiCs 



R1 + R2 

R4^ C2 = 10Ci 
10 k , 



Open Loop Frequency Response 













V± = +15V 
Ta = +25°C 






~*— -^^^ 
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Frequency (Hz) 



Large Signal Frequency Response 
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A,= 1 


JOpF - 
JOOpF 


< 
1 
















02 = : 



Feedforward Compensation 



O VNAr- 

R3 

I — VvV- 



C2 



R2 

-\A/v 

MPC301A 




Ci 150pF 



2n fo R2 
fo = 3 MHz 
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Open Loop Frequency Response 
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Typical Characteristics (Cent.) 

Ta = 25°C 



32 




Large 


Si 


gn 


al 


Frequency Response 


































V± = ±15V 
Ta = +25°C 




24 
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1 ^® 
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Inverter Pulse Response 
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Operating Characteristics 
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°C 
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Ambient Temperature (°C) 



±10 ±15 

Supply Voltage (V) 



Common Mode Input Voltage Range 



Common Mode Rejection Ratio 



2 12 

1 

c 

« 8 

o 
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Ta = 25°C 



Supply Voltage Rejection Ratio 



Current Limiting 



100 
m 

■a 

I »« 

oc 

c 
o 

1 «° 
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)uPC318 

HIGH-SPEED 

OPERATIONAL AMPLIFIER 



Description 

The/yPC318 is a precision high-speed operational ampli- 
fier designed for applications requiring wide bandwidth 
and high slew rate. It features a factor of ten increase 
in speed compared to general purpose operational ampli- 
fiers, without degrading the DC performance. By incor- 
porating internal unity gain frequency compensation, 
external compensation components are eliminated. The 
high-speed and fast settling time of the//PC318 make it 
ideal for use in D/A converters, oscillators, sample and 
hold circuits. 

Features 

D Very high slew rate 

D Maximum bias current of 500 nA 

D Operates from supplies of ±5 V to ±20 V 

D Internal frequency compensation 

D Input and output overload protected 

D LM318 direct replacement 



Pin Configuration 









Ci 1 
- Input 2 
+ Input 3 

V- 4 






8 Cz 
7 V+ 
6 Output 
5 C3 




\, 








/VPC318C 


— 


— ' 








83-002082A 



Equivalent Circuit 



Ci 



C2 

8Q 




- Input O- 



+ Input O * — ' 



<" 



6k^ 



Vo, 



i^ 




' J^ Qi9 Q23 



Q10 ^1^1 — " 



► R3 R4 

► 20 k 110^ 



;ri7 

► 12 k 



-O Output 




3-7 



//PC318 



NEC 



Ordering Information 



Part 

Number Package 


Operating 
Range 


/iPC318C Plastic DIP 


D°Cto+70°C 


Absolute Maximum Ratings 

Ta = 25°C 


Voltage Between V+ and V- 


4DV 


Power Dissipation 


500 mW 


Differentiallnput Current (Note 1) 


±10 mA 


Input Voltage (Note 2) 


±15 V 


Output Short Circuit Duration 


indefinite 


Operating Temperature Range 


0°C to +7D°C 


Storage Temperature Range 


-55to+150°C 



Notes: 1. The inputs are siiunted with back-to-back diodes for over- 
voltage protection. Therefore, excessive current will flow 
if a differential input voltage in excess of 1 V is applied 
between the inputs unless some limiting resistance is used. 
2. For supply voltages less than ±15 V, the absolute maximum 
input voltage is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



Electrical Characteristics 

Ta = 25°C,V± = ±15V 








Symbol 


Limits 




Unit 


Test 


Parameter 


IWin. Typ. 


Max. 


Conditions 


Input Offset 
Voltage 


Vio 


4 


10 


mV 


RS = 100O 


Input Offset 
Current 


iio 


30 


200 


nA 




Input Bias 
Current 


lb 


150 


500 


nA 




Input 


R|N 


D.5 3 




MO 




Large Signal 
Voltage Gain 


AVOL 


88 106 




dB 


Vo = ±10V, 
RL > 2 1(0 


Slew Rate 


SR 


50 70 




V/a/s 


Av = 1 


Output 
Voltage 
Swing 


VOM 


±12 ±13 




V 


RL > 2 1(0 


Mode Input 
Voltage Range 


Vicm 


±11.5 








Common 
Mode 
Rejection 
Ratio 


CMRR 


70 100 




dB 




Supply 
Voltage 
Rejection 
Ratio 


SVRR 


65 80 




dB 




Supply 
Current 


•cc 


5 


10 


mA 


Rl = <». 

Vo = OV 



Typical Applications 



Offset Balancing Circuit 



200 k 



I -+y^P 



/WPC318C 



Feedforward Compensation for 
Greater Inverting Slew Rate 



5k 
Input O V/v — ^ 




fs yuPC318C 



-O Output 



2.5 k' 



/t7 



* Slew rate typically 150 V/yuS 

* Balance circuit necessary for increased slew 
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Operating Characteristics 

Ta= 25 °C 



Input Current 



Voltage Gain 
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^ Ta = -20°C 








^ 


^ ^ 


25°C 
80°C 








A^ ^ 


^^ 




, 






0^ "" 




^ 



























Ambient Temperature (°C) 
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Operating Characteristics (Cent.) 

Ta-25°C 



Large Signal Frequency Response 



Open Loop Frequency Response 
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yuPC356 

J-FET INPUT 

OPERATIONAL AMPLIFIER 



Description 

The //PC356 is a J-FET input operational amplifier with 
matched P-channel ion implanted J-FETs. In addition to 
the obvious advantages of J-FET inputs, the /uPC356 is 
designed for high slew rate, wide bandwidth, and 
extremely fast settling time. 

Features 

D Low input offset voltage: 5 mV max (trimming tech- 
nique used) 

D Offset adjust does not degrade drift or CMRR 

D The NPN sink output stage allows use of large capaci- 
tive loads (10,000 pF) without a stability problem 

D Internal compensation and large differential input volt- 
age capability 

D LF356 equivalent 



Pin Configuration 




Equivalent Circuit 



Offset f 
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Ordering Information 








Part 
Number 




Package 




Operating 

Temperature 

Range 


//PC356C 




Plastic DIP 




0°Cto+70°C 


Electrical Characteristics 

Ta==25°C,V± = ±15V 




Symbol 


Limits 




Unit 


Test 


Parameter 


Min. Typ. 


IViax. 


Conditions 


Input Offset 
Voltage 


Vio 


2 


5 


mV 


RS < 50 Q 


input Offset 
Current 


lio 


3 


50 


pA 




Input Bias 
Current 


ib 


30 


200 


pA 




Large Signal 
Voltage Gain 


AVOL 


88 106 




dB 


Rl > 2 kO, 
Vo = ±10V 


Supply 
Current 


Ice 


5 


10 


mA 




Common 
Mode 
Rejection 
Ratio 


CMRR 


80 100 




dB 




Supply 
Voltage 
Rejection 
Ratio 


SVRR 


80 100 




dB 




Output 
Voltage 
Swing 


VOM 


±12 ±13 




V 


Rl>10kQ 


±10 ±12 




V 


Rt > 2 kfi 


Common 

Mode 

Voltage 


V|CM 


.,o±J,V 




V 




Slew Rate 


SR 


12 




V///S 


Rise 




20 




V/)US 


Fail 


Input Noise 
Voltage 


en 


20 




nV/vliz 


f=1kHz, 
Rl = 100O 


Gain 

Bandwidth 

Products 


GBW 


5 




MHz 




Over Operating Temperature Range 


Input Offset 
Voltage 


V|o 




7 


mV 


RS < 50 Q, 

ta = Topi 


Offset 

Voltage 

Drift 


AVjo/AT 5 




/iV/°C 


Ta = ToPT 


Input Bias 
Current 


ib 




8 


nA 


Ta = TOPT 


Input Offset 
Current 


lio 




2 


nA 


Ta = Topi 



Absolute Maximum Ratings 

Ta = 25°C 




Voltage Between V+ and V" 


36 V 


Power Dissipation 


350 mW 


Differential Input Voltage 


±30 V 


Input Voltage (Note 1) 


±15 V 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


0to+70°C 


Storage Temperature Range 


-55to+125°C 



Note 1. Forsupply voltageslessthan±15 V.theabsolutemaximum 
input voltage is equal to the supply voltage. 

Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

Typical Application 

Offset Voltage Null Circuit 
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A(PC356 



Operating Characteristics (Cent.) 

Ta-25°C 



Undistorted Output Voltage Swing 



Voltage Follower Pulse Response 
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Operating Characteristics (Cent.) 
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A/PC357 

J-FET INPUT 

DECOMPENSATED 

OPERATIONAL AMPLIFIER 



Description 

The /iPC357 is a decompensated operational amplifier 
with matched P-channel ion implanted J-FET inputs. 
When the closed loop gain is greater than five (A^ > 5) 
the /iPC357 has a slew rate of 50 V per microsecond and 
a bandwidth of 20 MHz. This device is ideal for applica- 
tions which require high-input impedance and high-fre- 
quency operation. 

Features 

D Low input offset voltage: 5 mV max 

n Offset adjust does not degrade drift or CMRR 

D High slew rate: 50 V///s {A^ > 5) 

D Wide bandwidth: 20 MHz 

D Suitable for high-speed inverting amplifiers and 

active filter applications 
D LF357 equivalent 



Pin Configuration 
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Ordering Information 



Part 


Package 


Operating 

Temperature 

Range 


//PC357C 


Plastic DIP 


0°Cto+70°C 


Absolute Maximum Ratings 






36 V 


Power Dissipation 




350 mW 


Differential Input Voltage 




+30 V 


Input Voltage (see note) 




+15V 


Output Sliort Circuit Duration 




Indefinite 


Operating Temperature Range 




to +70°C 


Storage Temperature Range 




-55to+125°C 



Electrical Characteristics 

Ta = 25°C,V± = ±15V, 



Note: For supply voltages less than ±15 V, the absolute maximum 

input voltage is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

Typical Application 

Offset Voltage Null Circuit 






Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset 
Voltage 


Vio 




2 


5 


mV 


RS < 50 


Input Offset 
Current 


iio 




3 


50 


pA 




Input Bias 
Current 


lb 




30 


200 


pA 




Large Signal 
Voltage Gain 


AVOL 


88 


106 




dB 


RL > 2 1(0, 
Vo = ±10V 


Supply 
Current 


Ice 




5 


10 


mA 




Common 
nilode 
Rejection 
Ratio 


CMRR 


80 


100 




dB 




Supply 
Voltage 
Rejection 
Ratio 


SVRR 


80 


100 




dB 




Output 
Voltage 
Swing 


VOM 


±12 


±13 




V 


R|>10kO 


±10 


±12 




V 


Rl > 2 kO 


Mode Voltage 


Vicm 


±10 


+15.1 
-12 




V 




Slew Rate 


SR 




50 




V///S 


Rise 






50 




V///S 


Fall 


Voltage 


en 




20 




nV/>/Hz 


f=1kHz. 
Rl = 100Q 


Gain 

Bandwidth 

Products 


GBW 




20 




MHz 




Over Operating Temperature Range 


Input Offset 
Voltage 


Vio 






7 


mV 


RS < 50 0. 
Ta = TOPT 


Offset 

Voltage 

Drift 


AV|o/AT 




5 




//V/°C 


Ta = TopT 


Input Bias 
Current 


lb 






8 


nA 


Ta = TOPT 


Input Offset 
Current 


Iio 






2 


nA 


Ta = TOPT 
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Operating Characteristics 

Ta==25°C 



Open Loop Frequency Response 



Undistorted Output Voltage Swing 
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Operating Characteristics (Cent.) 

Ta = 25°C 
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Operating Characteristics (Cent.) 

Ta = 25°C 

Output Sink Current 
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/yPC741 

GENERAL PURPOSE 

OPERATIONAL AMPLIFIER 



Description 

The /yPC741 is a general purpose operational amplifier 
which incorporates internal frequency compensation 
(C1 = 30 pF). It is intended for a wide range of analog 
applications where high quality and low cost are re- 
quired. High common mode voltage range and latch- 
free operation make this amplifier ideal for use as a volt- 
age follower. 

Features 

D Internal frequency compensation 

D Short-circuit protection 

D Offset voltage null capability 

D Large common mode and differential voltage range 

n No latch-up 

D ^K7A^ direct replacement 



Pin Configuration 
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Ordering Information 



Part 

Number Package 


Operating 

Temperature 

Range 


/iPC741C Plastic DIP 


0°Cto+70°C 


//PC741G2 PlasticlVliniflat 


0°Clo+70°C 


Absolute Maximum Ratings 

Ta = 25°C 


Voltage Between V+ and V- 


36 V 


Power Dissipation, C Package 


350 mW 


Power Dissipation, G2 Package 


440 mW 


Differential Input Voltage 


±30 V 


Input Voltage (Note 1) 


±15 V 


Output Short Circuit Duration 


Indefinite 


Voltage Between Offset Null and V' 


±0.5 V 


Operating Temperature Range 


to +70°C 


Storage Temperature Range 


-55to+125°C 



Notes: 1. Forsupply voltages less than ±15 V, the absolute maximum 

input voltage is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

Typical Application 

Offset Voltage Null Circuit 
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Electrical Characteristics 

Ta = 25°C, V± = ±15V 








Symbol 


Limits 




Unit 


Test 


Parameter 


Min. Typ. 


Max. 


Conditions 


Input Offset 
Voltage 


Vio 


1.0 


6.0 


mV 


RS<10kQ 


input Offset 
Current 


lio 


20 


200 


nA 




Input Bias 
Current 


lb 


80 


500 


nA 




Large Signal 
Voltage Gain 


AVOL 


88 106 




dS 


Rl > 2 kO. 
Vo = ±10V 


Offset Voltage 

Adjustable 

Range 


AVio 


±15 




mV 


VRi = 10kQ 


Supply 
Current 


>cc 


1.5 


2.8 


mA 




Power 
Consumption 


PO 


45 


85 


mW 




Common 
Mode 
Rejection 
Ratio 


CMRR 


70 90 




dB 


RS<10kQ 


Supply 
Voltage 
Rejection 
Ratio 


SVRR 


89 


103 


dB 


RS<10kQ 


Output 
Voltage 
Swing 


VOM 


±12 ±14 




V 


RL>10kQ 


Output 
Voltage 
Swing 


VOM 


±10 ±13 




V 


Rl > 2 kQ 


Output Short 

Circuit 

Current 


iSHORT 


5 20 




mA 


rl = o 
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Operating Characteristics 

Ta = 25°C 



Open Loop Frequency Response 



Large Signal Frequency Response 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Supply Current 



Output Short Circuit Current 
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Ambient Temperature (°C) 



Ambient Temperature (°C) 



Input Offset Current 
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PRELIMINARY INFORMATION 



AfPCei 1 
J-FET INPUT LOW-OFFSET 
OPERATIONAL AMPLIFIER 



Description 

The /iPC811 operational amplifier offers high input 
impedance, low offset voltage, high slew rate, and 
stable ac operating characteristics. NEC's unique high- 
speed pnp transistor (fj = 300 MHz) in the output stage 
solves the oscillation problem of current sinking with a 
large capacitive load. Zener-zap resistor trimming in 
the input stage produces excellent offset voltage and 
temperature drift characteristics. 

Features 



Pin Configuration 



Stable operation with 10,000 pF capacitive load 

Low input offset voltage 

— 2.5 mV max 

—7 /iV/°C temperature drift 

Low input bias and offset currents 

Low noise: en = 20 nV/VFlz 

Output short-circuit protection 

High input impedance 

Internal frequency compensation 

High slew rate: 15 V//iS 













V^ 




Offset [7 
Null [^ 




8 NC 




-Input 2 




s^ 


Tl V+ 






^^^ 




+lnput 3 




i^ 




6 Output 




V- 4 


//PC811C/G2 


71 Offset 
fj Null 


83-001 902A 









Equivalent Circuit 




(P 



iO* — Ll 



Q) 



Input O* — I 01 02 I — »-0 +lnput 



~J — MD4 




VQ7 

Vos 



<' 



{^010 



V03 



■Jll 



Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


/iPCBlIC 8-Pin Plastic DIP 


-20 to +70 °C 


//PC811G2 8-Pin Plastic IVIiniflat 


-20 to +70 °C 
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Recommended Operating Conditions 


Parameter 


Symbol 


Min. 


Typ. 


Max. Unit 


Supply Voltage 


V± 


±5 




±16 V 


Capacltive Load 


Cl 








10,000 pF 


Output Current 


■o 








10 


mA 


Electrical Characteristics 

Ta = 25°C, V± = ±15V 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset Voltage 


V|o 




1 


2.5 


mV 


Rs = 50 


Input Offset Current 


■io 




25 


100 


pA 




input Bias Current 


■b 




50 


200 


pA 




Voltage Gain 


AvOL 


88 


106 




dB 


Rl = 2 kQ, 
Vo = ±10V 


Supply Current 


Ice 




2.5 


3.4 


mA 




Common Mode 
Rejection Ratio 


CMRR 


70 


100 




dB 




Supply Voltage 
Rejection Ratio 


SVRR 


70 


100 




dB 




Output Voltage Swing 


Vom 


±12 ±13.5 




V 


RL = 10kQ 


Output Voltage Swing 


Vom 


±10 


±12 




V 


Rl - 2 kQ 


Common Mode Input 
Voltage Range 


Vicm 


±11 






V 




Slew Rate 






15 




V///S 


Av = +1 


Input Equivalent Noise 
Voltage 


en 




20 




nV/ 
x/Hz 


Rs = 100Q, 
f - 1 kHz 


Unity Gain Frequency 






4 




MHz 




Over Operating Temperature 


Input Offset Voltage 


Vio 






5 


mV 


Rs = 50 Q, 


Input Offset Voltage 
Drift 


AVjo/AT 




7 




/yV/°C Ta = Top, 


Input Bias Current 


lb 






7 


nA 


TA^Topt 


Input Offset Current 


■io 






2 


nA 


TA = T„pt 



Absolute Maximum Ratings 

Ta = 25°C 



Voltage Between V+ and V- 


36 V 


Power Dissipation, C Package (Note 1) 


350 mW 


Power Dissipation, G2 Package [Mb 2) 


440 mW 


Differential Input Voltage 


±30 V 




±15 V 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


-20 to +70 °C 


Storage Temperature Range 


-55to+125°C 



Notes: 1. Thermal derating factor is 5 mW/°C when ambient 
temperature is higher than 55 °C. 

2. Thermal derating factor is 4.4 mW/°C when ambient 
temperature is higher than 25 °C. 

3. For supply voltages less than ±15 V, the absolute maximum 
input voltage is equal to the supply voltage. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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PRELIMINARY INFORMATION 



//PC813 
J-FET INPUT LOW-OFFSET 
OPERATIONAL AMPLIFIER 



Description 

The /yPC813 operational amplifier is a high-speed 
version of the yuPC81 1 . NEC's unique high-speed pnp 
transistor (fj = 300 MHz) in the output stage yields a 
high slew rate of 25 V///s under voltage-follower 
conditions without an oscillation problem. Zener-zap 
trimming in the input stage produces excellent offset 
voltage and temperature drift characteristics. 

With ac performance characteristics that are two times 
better than conventional bi-FETopamps, the/yPC813 
is ideal for fast integrators, active filters, and other 
high-speed circuit applications. 

Features 



Pin Configuration 



D 
D 

D 



High slew rate: 25 V///s 

Stable operation with 220 pF capacitive load 

Low input offset voltage 

—2.5 mV max 

—7 /j\//°C temperature drift 

Low input bias and offset currents 

Low noise: en = 20 nV/v^ 

Output short-circuit protection 

High input impedance 

Internal frequency compensation 













\^ 




Offset [7 
Null 12. 




8 NC 




-Input [7 




F\ 


7 V+ 












^-'^ 








+lnput 3 








6 Output 




V- 4 


A(PC813C/G2 


71 Offset 
2j Null 


83-001 902 A 










Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


/yPC813C 8-Pin Plastic DIP 


Oto+70°C 


//PC813G2 8-PJn PlasticMlniflat 


Oto+70°C 



Equivalent Circuit 



io* — r~ 



Input 0-< — L 01 02 "J — MD +lnput 



r-l — "^"^ 



3ro3 



<: 




<' 



D Output 



■ K°^° 



.■Jil 
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Recommended Operating Conditions 


Parameter 


Symbol 


Min. 


Typ. 


IVIax. Unit 


Supply Voltage 


V± 


±5 




±16 V 


Capacitlve Load 


Cl 








220 pF 


Output Current 


"o 








10 


mA 


Electrical Characteristics 

Ta = 25°C,V± = +15V 




Symbor 




Limits 




Unit 


Test 


Parameter 


IVIin. 


Typ. 


iVIax. 


Conditions 


Input Offset Voltage 


Vjo 




1 


2.5 


mV 


Rs = 50 Q 


Input Offset Current 


l|o 




25 


100 


pA 




Input Bias Current 


■b 




50 


200 


pA 




Voltage Gain 


AvOL 


88 


106 




dB 


Rl = 2 i(Q, 
Vo = ±10V 


Supply Current 


Ice 




2.5 


3.4 


mA 


Both channels 


Common Mode 
Rejection Ratio 


CMRR 


70 


100 




dB 




Supply Voltage 
Rejection Ratio 


SVRR 


70 


100 




dB 




Output Voltage Swing 


Vom 


±12 ±13.5 




V 


RL-lOkQ 


Output Voltage Swing 


Vom 


±10 


±12 




V 


Rl = 2 kQ 


Input Voltage Range 


Vicm 


±11 






V 




Slew Rate 






25 




V//yS 


Av-1 


Input Noise 
Voltage 


en 




20 




nV/ 
n/Hz 


Rs = 100O. 
f = 1 kHz 


Unity Gain Frequency 






6 




MHz 




Over Operating Temperature Range 


Input Offset Voltage 


Vio 






5 


mV 


Rs = 50 Q, 
"Ta = Topt 


Input Offset Voltage 
Drift 


AVjo/AT 




7 




/yV/°C 


Ta = Topt 


input Bias Current 


lb 






7 


nA 


Ta = Topt 


Input Offset Current 


1(0 






2 


nA 


Ta-Top, 



Absolute Maximum Ratings 

Ta = 25°C 



Voltage Between V+ and V- 


36 V 


Power Dissipation. C Package (Note 1) 


350 mW 


Power Dissipation, G2 Package (Note 2) 


440 mW 


Differential Input Voltage 


±30 V 


input Voltage (Note 3) 


±15V 


Output Short-circuit Duration 


Indefinite 


Operating Temperature Range 


-20 to +70 °C 


Storage Temperature Range 


-55to+125°C 



Notes: 1. Thermal derating factor is 5 mW/°C wlien ambient 
temperature is higher than 55 °C. 

2. Thermal derating factor is 4.4 mW/°C when ambient 
temperature is higher than 25 °C. 

3. For supply voltages less than ±1 5 V, the absolute maximum 
input voltage is equal to the supply voltage. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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PRELIMINARY INFORMATION 



//PC4061 
J-FET INPUT LOW-POWER 
OPERATIONAL AMPLIFIER 



Description 

The //PC4061 is a J-FET input low-power operational 
amplifier featuring low supply voltage operation from 
±1.75 V. Supply current is ten times smaller than 
/yPC4081 type J-FET input op-amp. With very low input 
bias current characteristics, the//PC4061 is an excel- 
lent choice for hand-held measurement equipment 
and other low-power application circuits. 

Features 

D Low supply current: 230 /uiA 

D Very low input bias and offset currents 

D High slew rate: 3 V///s 

D High input impedance 

D Low supply voltage operation 

D Output short-circuit protection 

D Internal frequency compensation 

D TL061 direct replacement 

Equivalent Circuit 



Pin Configuration 











OHset r 
NuIlL 


v_y 


8]nC 


- Input [2 


1 


p^ 


3v. 










>^~ 








+ Input [3 








e] Output 








vE 


;UPC4061C/G2 


T Offset 
JNuII 


83-00201 5A 









-Input O* — l"^ 

3 
+lnput O- 



01 02. 



-^ 



<< 



5 



^T — r: Q11 



OFFSET X_ 



Pl- 



^ 



W 



6 6 Output 
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Ordering Information 




Part 
Number 




Package 


Operating 

Temperature 

Range 


//PC4061C 




Plastic DIP 


-20 to +70 °C 


ArPC4061G2 




Plastic Miniflat 


-20 to +70 °C 


Recommended Operating Conditions 




Symbol 


Limits 


Test 


Parameter 


Min. Typ. Max. 


Unit Conditions 


Supply 
Voltage 


V± 


±2 +16 


V 


Output 
Current 


Iq Source 
■o Sink 


5 
3.5 


mA 


Load 

Capacitance 
(Voltage 
Follower) 


Cl 


220 


PF 



Absolute Maximum Ratings 

Ta = 25°C 



Voltage Between V+ and V- 


36 V 


Power Dissipation (Note 1), C Package 


350 mW 


Power Dissipation (Note 2), G2 Package 


440 mW 


Differential Input Voltage 


+30 V 


Input Voltage, (Notes) 


±15V 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


-20 to +70 °C 


Storage Temperature Range 


-55to+125°C 



Notes: 1 . Derate at 5 mW/°C above 55 °C. 
2. Derate at 4.4 mW/°C above 25 °C. 



3. ForV±<+15V, V 



IN (max) 



= V±. 



Electrical Characteristics 

Ta = 25°C, V+ = +15 V 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset Voltage 


Vio 




2 


10 


mV 


RS = 50 


Input Offset Voltage 


Vio 






15 


mV 


RS = 50, Ta = ToPT 


Input Offset Voltage Drift 


AVio/AT 




10 




//V/°C 


RS = 50, Ta = ToPT 


Input Offset Current 


lio 




5 


50 


pA 




Input Offset Current 


lio 






1.5 


nA 


Ta = ToPT 


Input Bias Current 


lb 




10 


100 


pA 




Input Bias Current 


lb 






3 


nA 




Large Signal Voltage Gain 


AvOL 


69 


75 




dO 


R|N = 10k,Vo = ±10V 


Supply Current 


Ice 




230 


260 


/^A 




Common Mode Rejection Ratio 


CMRR 


70 


95 




dB 




Supply Voltage Rejection Ratio 


SVRR 


70 


95 




dB 




Output Voltage Swing 


Vom 


+12 


+14 




V 


R,N = 10k 


Common Mode Input Voltage 


Vicm 


+ 12 


+15,-13 




V 




Output Current 


Iq Source 
Iq Sink 




+5 
-3.5 




mA 


Vom = ±10V 


Slew Rate 


SR 




3 




V//iS 


R|N = 10k 


Input Noise Voltage 


en 




30 




nV/v1iz 


f = 1 kHz 


Gain Bandwidtti Products 


GBW 




1 




MHz 




Over Operating Temperature Range 


Large Signal Voltage Gain 


AvOL 


66 






dB 


Ta = Tqpt 


Common Mode Rejection Ratio 


CMRR 


70 


90 




dB 


Ta = Tqpt 


Supply Voltage Rejection Ratio 


SVRR 


70 


90 




dB 


Ta = Tqpt 


Output Voltage Swing 


Vom 


±3.8 


+4.1 




V 


R|N = 10k,TA = ToPT 


Common Mode Input Voltage 


Vicm 


+4.7 
-2.8 


+5.2 
-3.5 




V 


Ta = Tqpt 
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//PC4071 

J-FET INPUT LOW-NOISE 

OPERATIONAL AMPLIFIER 



Description 

The J-FET input operational amplifier of the/uPC4071 
is designed as low-noise versions of the //PC4081. 
The features of the//PC4071 have more improved input 
equivalent noise voltage, input offset voltage, and 
input bias current, than those of the //PC4081. The 
//PC4071 is an excellent choice for a wide variety of 
applications, including preamplifier and active filter 
circuits. 

Features 

n Low noise: en = 18 nV/%/Hz 

D Low input bias and offset currents 

D Output short-circuit protection 

D High input impedance: J-FET input stage 

D Internal frequency compensation 

D High slew rate: 13 V//iS 

D Latch-free operation 

n TL071 direct replacement 



Pin Configuration 



Offset 
Null 



E 

nput 2 - 

nput 3 - 

V- 4 



"XZT- 



Offset 
Null 




Equivalent Circuit 



2 , J- 

t o — *— LQi 



^ 




< 



<- 




R2 > R3 > R4 > R5 



^ 
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Ordering Information 



Part 
Number 


Package 


Operating 

Temperature 

Range 


A/PC4071C 


Plastic DIP 


0°to+70°C 


//PC4071G2 


Plastic Miniflat 


0°to+70°C 


Recommended Operating 


Conditions 




Limits , . 

Tfist 


Parameter 


Symbol iVIin. Typ. 


Max. Unit Conditions 


Supply Voltage 


V± ±5 


±16 V 


Capacitive Load 


Cl 


100 pF 


Output Current 


io 


10 mA 



Absolute Maximum Ratings 

Ta = 25°C 



Voltage Between V+ and V- 


36 V 


Differentlal Input Voltage 


±30 V 


Input Voltage (see Note 1) 


±15 V 


Power Dissipation, C Pacl(age 


350 mW 


Power Dissipation, G2 Package 


440 mW 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


0to+70°C 


Storage Temperature Range 


-55to+125°C 



Note: 1. For supply voltages less than ±15 V, the absolute maximum 

input voltage is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Electrical Characteristics 

Ta = 25°C, V± = ±15V 





Symbol 




Limits 




Unit 






Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset Voltage 


Vio 




3 


10.0 


mV 






RS < 50 


Input Offset Current 


lio 




5 


50 


pA 






Ta = 25°C (see Note 1) 


Input Bias Current 


lb 




30 


200 


pA 






Ta-25°C (see Note 1) 


Large Signal Voltage Gain 


AvOL 


88 


106 




dB 






RL>2kO,Vo = ±10V 


Supply Current 


Ice 




2.0 


2.7 


mA 








Common Mode Rejection Ratio 


CMRR 


70 


86 




dB 








Supply Voltage Rejection Ratio 


SVRR 


70 


86 




dB 








Output Voltage Swing 


Vom 


±12 


±13.5 




V 






RL>10kQ 


Output Voltage Swing 


Vom 


+10 


±12 




V 






Rl > 2 kQ 


Common Mode Input Voltage Range 


Vicm 


±10 






V 








Slew Rate 


SR 




13 




V//ys 






Av=l 


Input Noise Voltage 


en 




18 




nV/x/Hz 






RS=100O, f=l kHz 








4 




/^Vrms 






RS=100Q,f=10HztolOkHz 


Unity Gain Bandwidth 


GBW 




3 




MHz 








Over Operating Temperature 


Input Offset Voltage 


Vio 






13 


mV 


RS- 


^50Q, 


Ta = ToPT 


Average input Offset Voltage Drift 


AVjo/AT 




10 




A(V/°C 


ta = 


= ToPT 




input Bias Current 


lb 






7 


nA 


ta^ 


= ToPT 




Input Offset Current 


■io 






2 


nA 


ta = 


= T0PT 





Note: 1 . Input bias currents are temperature sensitive. Short time measuring method is recommended to maintain the junction temperature 
close to the ambient temperature. 
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Typical Application 

Offset Voltage Null Circuit 




Operating Characteristics 

Ta = 25°C 











Power Dissipation 




















































„ 


G Package 
















E, 


^ 
















'S 


C Package 




Vfc^ 












a 










V 


<: 


s. 








? 














^ 








1 






















2 
p 


























































































Open Loop Frequency Response 














V± = ±15V 
Rl = 2 kO 




^S 






\ 


\ 














\ 


\, 














\ 


\, 














N 


\, 














\ 


s 



1 10 100 



Ambient Temperature (°C) 



Ik 10 k 100 k 1 M 

Frequency (Hz) 



Large Signal Frequency Response 



Output Voltage Swing 









N 


Rl = 10 kO 




V± =±15V 










_ I 






V±=±10V 




\ 








\ 


\ 




V± = ±5 V 




\ 



100 Ik 



2 k 10 k in 
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Supply Voltage (V) 
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Operating Characteristics (Cent.) 

Ta = 25°C 

Output Voltage Swing 



V± = ±15V 


^ 


^ 


—— ' 


^ 


/ 






/ 









S, 5 



Voltage Follower Pulse Response 

















/ 


Output 


\ 


Cl = 100pF 
V± = ±15V 




/ 




\ 






J s 


\^ k k h ^ \ 






Input 

































1 k 
Load Resistance (Q) 



Input Bias Current 



Input Equivalent Noise Voltage 



O 1.0 











V± = ±15V 










^ 






^^ 


^ 






-^ 


^^^ 







% 

% 103 



o 102 









V±=±15V 
Rs = 100 fi 

































t 1.0 ■ 



Ambient Temperature ( °C) 



Supply Current 



±10 ±15 

Supply Voltage (V) 
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//PC4081 

J-FET INPUT 

OPERATIONAL AMPLIFIER 



Description 

The//PC4081 is a single operational amplifier with a com- 
bination of matched ion implanted P-channel J-FET 
inputs with standard bipolar transistor technology. The 
very low-input bias current and high slew rate (ten times 
that of general purpose operational amplifiers) makes 
this device an excellent choice for integrators, active fil- 
ters, and pulse amplifier applications. 

Features 

D Wide common-mode and differential input voltage 

range 
n Low input bias and offset currents 
D Output short-circuit protection 
D High input impedance: J-FET input stage 
D Internal frequency compensation 
D High slew rate: 11 V///s typical 
D Latch-free operation 
D TL081 direct replacement 

Equivalent Circuit 



Pin Configuration 









Offset [7 
Null L_ 


\^ 


71 NC 


- Input 2 




N. 


7 V+ 




\, 




+ ^ 




+ Input 3 







\>^ 




6 Output 




^PC4081C/G2 




V- 4 




5 Offset 
—1 Null 






83-002245A 




-•— L Qi Q2 "J — *- 






Q3 > 



"Kp^ 



OFFSET O- 
NULL O- 



► R2 S Rs > R4 > Rs 




5[ D2 
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Electrical Characteristics 

Ta = 25°C,V± = ±15V 








Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset 
Voltage 


Vio 




5.0 


15.0 


mV 


RS < 50 


Input Offset 
Current 


lio 




5 


200 


pA 




Input Bias 
Current 


■b 




30 


400 


pA 




Large Signal 
Voltage Gain 


AVOL 


88 


106 




dB 


RL > 2 kQ, 
Vo = ±10V 


Supply 
Current 


■cc 




2.0 


2.8 


mA 




Common 
Mode 
Rejection 
Ratio 


CMRR 




70 


76 


dB 




Supply 
Voltage 
Rejection 
Ratio 


SVRR 




70 


76 


dB 




Output 
Voltage 
Swing 


VOM 


±12 ±13.5 




V 


RL>10kO 


Output 
Voltage 
Swing 


VOM 


±10 


±12 




V 


Rl > 2 kQ 


Common 
Mode Input 
Voltage 
Swing 


Vicm 




±10 




V 




Slew Rate 


SR 




11 




V///S 


Av/=1 


Input 
Equivalent 

VoTage 


en 




25 




nV/^/HF 


f = 1 kHz, 
RS = 100Q 


Unity 
Gain 
Bandwidth 


GBW 




3 




MHz 




Over Operating Temperature 


Input Offset 
Voltage 


Vio 






20 


mV 


RS<50Q, 

ta=topt 


Input 
Offset 
Voltage Drift 


AVjo/Al 




10 




AfV/°C 


Ta = TOPT 


Input Bias 
Current 


lb 






10 


nA 


Ta = Tqpt 


Input Offset 
Current 


l|Q 






5 


nA 


Ta = ToPT 



Ordering Information 



Part 

Number Package 


Operating 

Temperature 

Range 


//PC4081C Plastic DIP 


0°Cto+70°C 


/yPC4081G2 Plastic Miniflat 


0°Cto+70°C 


Absolute Maximum Ratings 


Voltage Between V+ and V- 


36 V 


Power Dissipation, C Package 


350 mW 


Power Dissipation (Note 1),G2 Package 


440 mW 


Differential Input Voltage 


±30 V 


Input Voltage (Note 1) 


±15V 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


0to+70°C 


Storage Temperature Range 


-55to+125°C 



Notes: 1 . For supply voltages less than ±22 V, the absolute maximum 

input voltage is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

Typical Applications 

Offset Voltage Null Circuit 



//PC4081C/G2 
2 
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//PC4081 



Operating Characteristics 

Ta = 25°C 



Open Loop Frequency Response 



Large Signal Frequency Response 













v± = 

Rl = 


±15 V 
2kO 
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N 
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100 1k 10 k 100 k 

Frequency (Hz) 



1 M 10 M 



^ 20 











Rl = 10 kn 




V± = ±15V 


1 


i 








\ 






V± = ±10 V 




\ 








\ 


\ 




V± = ±5 V 




\ 



10 k 100 k 

Frequency (Hz) 



Output Voltage Swing 



Output* Voltage Swing 



Rl = 10 kO 






/ 
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/^ 
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/ 


y^ 







±10 
Supply Voltage (V) 



V± = ±15V 


^ 
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Load Resistance (kO) 



Voltage Follower Pulse Response 



Input Bias Current 
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^ Output 




Rl = 2 kfi 
Cl = 100pF 
V± = ±15V 
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Ambient Temperature (°C) 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Input Equivalent Noise Voltage 



Supply Current 









V± = ±15V 

Rs = 100 n 
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2.0 

E 

r 1.5 

c 

3 

u 
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±10 ±15 

Supply Voltage (V) 



3-38 



NEC 

NEC Electronics Inc. 



//PC4250 

PROGRAMMABLE 

OPERATIONAL AMPLIFIER 



Description 

The //PC4250 is a very versatile monolithic operational 
amplifier. The quiescent power dissipation, input offset 
and bias current, slew rate, and gain bandwidth product 
are determined by a single external programming resis- 
tor. Because this device is individually programmable, a 
large variety of circuit functions can be realized by stock- 
ing a single operational amplifier type. In addition, this 
device operates from as little as ±1 V, making it ideal for 
portable applications. 

Features 

D ±1 V to ±18 V power supply operation 

D Standby power consumption as low as 500 nW 

D Programmable electrical characteristics 

D Internal frequency compensation 

D Offset-voltage nulling capability 

D Short-circuit protection 

D LM4250 direct replacement 

Equivalent Circuit 



Pin Configuration 









Offset Null 1 


\^ 


8 ISET 


-Input 2 
+ Input 3 




N. 


7 V+ 
6 Output 




\ 








l^ 


— 






V- 4 


//PC4250C/G2 


5 Offset Null 






83-002256A 




I 10k>Ri 

o — K°^ 



I- 



- Input 
h Input O 



-<o^ 



03^- 



5k 
-VW- 

R3 



2.5 k ^ Rio 



^ ^ 



Ci 



<- 




-O v+ 




Ov- 



3-39 



//PC4250 



NEC 



Absolute Maximum Ratings 

Ta = 25°C 





36 V 


Power Dissipation, C Pacicage 


350 mW 


Power Dissipation. G2 Paclcage 


440 mW 


Differential Input Voltage 


±30 V 


Input Voltage (Note 1) 


±15 V 


ISET Current 


150/uA 


Output Sliort Circuit Duration 


Indefinite 


Operating Temperature Range 


to +70°C 


Storage Temperature Range 


-55to+125°C 



Note: 1 . For supply voltages less than ±1 5 V, the absolute maximum 
input voltage is equal to the supply voltage. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Ordering information 




Part 
Number 


Package 


Operating 

Temperature 

Range 


//PC4250C 


Plastic DIP 


0°Cto+70°C 


/iPC4250G2 


Plastic IVIIniflat 


0°Cto+70°C 



Electrical Characteristics 

Ta^25°C,V± = ±15V 
















Limits 




Unit 


Test 


Parameter Symbol 


Min. 


Typ. 


Max. 


Conditions 



Input Offset Voltage 



Vio 



5 mV IsET = 

5 mV IsET '- 

6 mV IsET '- 
6 mV IsET = 



lAjA.Rs<100kO 

1 A/A. V± = ±1 .5 V, Rs < ioO kd 

Yo'^A,'RS<100kd 

1 /uA, V± = ±1 .5 V, Rs < 1 00 kh 



Input Offset Current 



iio 



6 
20 



nA 
nA 



'SET; 
«SET = 



l/yA 
Yo'/uA 



Input Bias Current 



10 nA lsET = 

li) nA lsET = 

75 nA IsET = 

75 nA IsET = 



1a/A 

1a/A,V± = ±1.5V 

10 A/A 

10a/A.V± = ±1.5V 



Voltage Gain 



AVOL 



95 
95 



dB IsET = 1 ywA, Vo = ±10 V, Rl = 100 kO 
dB IsET = 1 A/A. Vo = ±10 V, Rl = 10 kO 



Supply Current 



Ice 



11 ^?....'SET; 

8 ^*....'SET; 

100 A'A ISET = 

90 fjk ISET '- 



1a/A 

lA/A.\f± = ±1.5V 

10 A/A 

10a/A,V± = ±1.5V 



Power Dissipation 



pd 



330 AfW IsET = 

*!?1*'!**^^''!)SET = 

3,000 AfW isET = 

'270 AfW ""lSET = 



1a/A 

1a/A,V± = ±1.5V 

10 A/A 

10a/A,V± = ±1.5V 
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Electrical Characteristics (Cont.) 

Ta-25°C,V± = ±15V 




Limits 




Unit 


Test 


Parameter Symbol Min. 


Typ. 


Max. 


Conditions 



Input Voltage Range 



±13.5 
±0.6 
±13.5" 
±0.6 



Output Voltage Swing 



±12 
±0.6 



Vom 



±12 
±0.6 



Typical Application 




ISET = 



V+ + |V-| -0.5 
RSET 



'SET; 
•SET^ 



1a/A 

lA/A,vi = ±1.5V 



V IseT^IOA'A 

V ISET = Vo A/A. V± = ±1.5 V 



V lsET=lAfA, RL = 100kQ 

V IsET '= V A/A* V± = ±1 .5 V, R l^ 100 kO 



V Iset=10a/A, RL=10kQ 

V ISET = Vo A/A, V± = ±1 .5 V, Rl = 10 kO 



Common Mode Rejection Ratio 


CMRR 


70 


dB 


[SET=1a/A, Rs<10kO 




70 


dB 


ISET==10a/A. Rs<10kQ 


Supply Voltage Rejection Ratio 


SVRR 


74 


dB 


•SET=lA'A.Rs<10kO 




74 


dB 


ISET=10/yA.Rs<10kQ 



o 



7 //PC4250C/G2 
6 




RsET 




Offset Null Circuit 



v+ 

o 



7 ywPC4250C/G2 
6 




RsET 



83-002258A 



500 NanO'Watt x 10 Amplifier 



330 k 
V, o VA *■ 



/yPC4250C/G2 



RsET 
300 k<^ 12 M 




-O Vo 
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Operating Characteristics 



Input Bias Current 
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Input Bias Current 
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V± = ±1.5V 
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Ambient Temperature (°C) 
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Operating Characteristics (Cent.) 

Ta = 25°C 

Output Voltage Swing 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Phase Margin 
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//PC358 

DUAL LOW-POWER 

OPERATIONAL AMPLIFIER 



Description 

The /uPC358 is designed to operate from a single power 
supply, with the option to operate from split power sup- 
plies. This amplifier offers the circuit designer low power 
supply current drain, input common mode voltage, and 
large output voltage swing both of which include ground. 

Features 

n Internal frequency compensation 
D Large output voltage swing: 

0Vto(V+-1.5V) 
n Input common-mode voltage range includes 

ground 
D Wide power supply range: 

single supply 3 V to 30 V DC 
D Dual supplies: +1.5 V to ±15 V DC 
D LM358 direct replacement 



Equivalent Circuit 

1/2 Circuit 



Pin Configuration 


















Output A 1 


Vy 


8 V+ 






-Input A 2 
+lnputA 3 




— 


^J^ 






7 Outputs 
6 -Inputs 








GNDIV-1 4 




^ 


5 +lnputB 




//PC358C/G2 








83-002285A 




2,6 
- Input O — 




(^r)6/iA 



(^r)e,A 



3,5 
+ Input O — 



hn 



:^Cc 



-H<» 



oS|JLVo, 



®^ 



lJo, 



^ 



LK„ (^l 



Rsc 

1,7 
' O Output 



-OGND(V-| 
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Ordering Information 



Part 

Number Package 


Operating 

Temperature 

Range 


/iPC358C Plastic DIP 


0°Cto+70°C 


/yPC358G2 Plastic Minlflat 


0°Cto+70°C 


Absolute Maximum Ratings 

Ta = 25°C 


Voltage Between V+ and V" 


32 V 


Differential Input Voltage 


32 V 


Input Voltage 


-0.3 to +32 V 


Power Dissipation, C Package 


350 mW 


Power Dissipation, G 2 Package 


440 mW 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


to +70°C 


Storage Temperature Range 


-55to+125°C 



Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



Electrical Characteristics 

Ta = 25°C.V± = +15V, 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min. 


Typ. Max. 


Conditions 


Input Offset 
Voltage 


Vio 




2 7 


mV 


RS<0O 


Input Bias 
Current 


lb 




45 250 


nA 




Input Offset 
Current 


iio 




5 50 


nA 




Common 
Mode Input 
Voltage 
Range 


Vicm 





V+ 
-1.5 


V 




Supply 
Current 


■cc 




0.7 1.2 


mA 


RL = oo 


Voltage Gain 


AVOL 


88 


100 


dB 


Rl > 2 kO 


Output 
Voltage 
Swing 


VOM 





V+ 
-1.5 


V 


RL > 2 kO 


Common 
Mode 
Rejection 
Ratio 


CMRR 


65 


70 


dB 




Supply 
Voltage 
Rejection 
Ratio 


SVRR 


65 


100 


dB 




Channel 
Separation 


CS 




120 


db 


f = 1 kHz 
to 20 kHz 


Output 
Current 
(Source) 


Id source 


20 


40 


mA 


+input = 1 V 
-input = V 



Output 
Current 
(Sink) 



10 20 



'O SINK 



mA +lnput = 1 V 
-Input = V 



12 50 



+lnput = 1 V 
yuA -Input = V 
Vq = 200 mV 
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Operating Characteristics 

Ta = 25°C 











Supply Current 










v+o 










.( 


J\>cc 














f^ 














.^ 










/77 /77 




Ta-c 


















*** 













— ^ 


= -20°C 





















Input Bias Current 





















75 

1 


































O 50 
1 












^ 


^ 














^ 






£ 

25 








^^ 


Ta = +25° C 









































Supply Voltage (V) 



Supply Voltage (V) 



Voltage Gain 



Current Limiting 



























\ 


\ 20 kf 


^ 




^ 










^ 
















Rl - 2 kf 













































































o— 
o— 


X 










^ ^ 


---^ 


















^ 



Supply Voltage (V) 



Ambient Temperature (°C) 





Common Mode Rejection Ratic 


1 












i: 


■ — ■ 








■■ 










: 40 

O 20 





























Open Loop Frequency Response 



10 k 
Frequency (Hz) 




Ik 10k 

Frequency (Hz) 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Large Signal Frequency Response 






Voltage Follower Large Signal Pulse Response 


S 3 














RL>2kQ 
V - 15V 






/ 






^ 








1^ 




/ 






\ 








5 




/ 






\ 




















1 




































a 


















£ 













5 10 k 3 5 100 k 

Frequency (Hz) 



Current Sinking 



Current Sourcing 




V+/20- 



0.001 0.01 0.1 1.0 10 

Output Sink Current (mA) 





V+f 


p 








V+/2 


N 


I I 




/ 






/ 
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/ 













0.001 0.01 



Output Source Current (mA) 
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PRELIMINARY INFORMATION 



//PC81 2 

DUAL J-FET INPUT LOW-OFFSET 

OPERATIONAL AMPLIFIER 



Description 

Dual operational amplifier //PC81 2 offers high input 
impedance, low offset voltage, high slew rate, and 
stable ac operating characteristics. NEC's unique high- 
speed pnp transistor (fj = 300 MHz) in the output stage 
solves the oscillation problem of current sinking with a 
large capacitive load. Zener-zap resistor trimming in 
the input stage produces excellent offset voltage and 
temperature drift characteristics. 

Features 



Pin Configuration 



n 



Stable operation with 10,000pF capacitive load 
Low input offset voltage: 

3 mV max 

7//V/°C temperature drift 
Low input bias and offset currents 
Low noise: en = 20 nV/\/H7 
Output short-circuit protection 
High input impedance 
Internal frequency compensation 
High slew rate: 15 V//iS 









Output A 1 
-Input A 2 
+lnputA 3 


Ky 




8 V+ 

7 Outputs 
6 -Inputs 
5 +lnput S 




A 


>J 




— ' 


//PC812C/G2 






83-001 903 A 




Equivalent Circuit 



1/2 Circuit 



Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


//PC812C 8-Pln Plastic DIP 


-20 to +70 °C 


/yPC812G2 8-Pln PlasticlVliniflat 


-20 to +70 °C 



0) 



2.6 lJ [_, 3,5 

-Input 0« — L Q1 Q2~J — »0 +lnput 



<' 




< 



Vq7 
V08 



< 



■All 
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Absolute Maximum Ratings 

Ta = 25°C 



Electrical Characteristics 

Ta = 25°C, V+ = +15V 



Parameter 


Symbol 


//PC812C 


//PC812G2 


Unit 


Voltage Between V+ and V- 


V+-V- 


36 


36 


V 


Power Dissipation 


Pd 


350 
(Notel) 


440 
(Note 2) 


mW 


Differential Input Voltage 


Vid 


±30 


±30 


V 


Common IVIode Input Voltage 
(Note 3) 


Vicm 


±15 


±15 


V 


Output Short Circuit Duration 




Indefinite 


Indefinite 


s 


Operating Temperature Range 


Topt 


-20 to +70 


-20 to +70 


°C 


Storage Temperature Range 


^stg 


-55 to +125 


-55 to +125 


°C 



Note: 1 . Thermal derating factor is 5 mW/°C when ambient temp- 
erature is higher than 55°C. 

2. Thermal derating factor is 4.4 mW/°C when ambient 
temperature is higher than 25 °C. 

3. For supply voltages less than ±15V,theabsolute maximum 
input voltage is equal to the supply voltage. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


V± 


±5 




±16 


V 


Capacitive Load 


Cl 






10,000 


PF 


Output Current 


Iq 






10 


mA 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset Voltage 


V|o 




1 


3.0 


mV 


Rs = 50Q 


Input Offset Current 


lio 




25 


100 


pA 


Tj = 25°C 


input Bias Current 


lb 




50 


200 


pA 


Tj = 25°C 


Voltage Gain 


AVOL 


80 


106 




dB 


Rl = 2 kO. 
Vo = ±10V 


Supply Current 


Ice 




5 


6.8 


mA 


Both channels 


Common Mode 
Rejection Ratio 


CMRR 


70 


100 




dB 




Supply Voltage 
Rejection Ratio 


SVRR 


70 


100 




dB 




Output Voltage Swing 


Vom 


±12 ±13.5 




V 


RL = 10kQ 


Output Voltage Swing 


Von, 


±10 


±12 




V 


Rl = 2 kQ 


Input Voltage Range 


Vicm 


±11 






V 




Slew Rate 






15 




V/a/s 


Av = +1 


Input Noise Voltage 


en 




20 




nV/ 


Rs = 100Q, 
f=1kHz 


Unity Gain Frequency 






4 




MHz 




Channel Separation 


CS 




120 




dB 


f=1Hzto 
20 kHz 


Over Operating Temperature 


Input Offset Voltage 


Vio 






5 


mV 


Rs = 50 0, 
TA-Topt 


Input Offset Voltage 
Drift 


AVjo/AT 




7 




/.V/°C Ta = Top, 


Input Bias Current 


lb 






7 


nA 


Ta-Top, 


Input Offset Current 


lio 






2 


nA 


Ta = t„p, 
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//PC812 



Operating Characteristics 

Ta = 25°C 



Voltage Follower Pulse Response 



Voltage Follower Pulse Response 
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Cl = 
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5 V/div Vertical 
1 /us/div Horizontal 



Voltage Follower Pulse Response 
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Cl = 220 pF 










_J 
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5 V/diw Vertical 
2 jus/div Horizontal 



Voltage Follower Pulse Response 




















Cl = 2,200 pF 








/ 


u^ 
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5 V/div Vertical 
2 /is/div Horizontal 



5 V/div Vertical 
8 //s/div Horizontal 



Voltage Follower Pulse Response 




5 V/div Vertical 
10/is/div Horizontal 
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PRELIMINARY INFORMATION 



//PC81 4 

DUAL J-FET INPUT LOW-OFFSET 

OPERATIONAL AMPLIFIER 



Description 

Dual operational amplifier //PC814 is a high-speed 
version of the//PC812. NEC's unique high-speed pnp 
transistor (fj = 300 MHz) in the output stage yields a 
high slew rate of 25 V///s under voltage-follower 
conditions without an oscillation problem. Zener-zap 
resistor trimming in the input stage produces excellent 
offset voltage and temperature drift characteristics. 

Having ac performance characteristics that are two 
times better than conventional bi-FET op amps, the 
/yPC814 is ideal for fast integrators, active filters, and 
other high-speed circuit applications. 

Features 

n High slew rate: 25 V/yus 

n Stable operation with 220-pF capacitive load 

D Low input offset voltage: 

—3 mV max 

— 7//V/°C temperature drift 
D Low input bias and offset currents 
n Low noise: en = 20 nV/V^Hz 
n Output short-circuit protection 
D High input impedance 
D Internal frequency compensation 

Equivalent Circuit (1/2 Circuit) 



Pin Configuration 









Output A 1 

-Input A b 

+lnputA 3 

V- 4 


\^ 




8 V+ 
7] Output B 
6 -Input B 
5 +lnput B 




[X 






A 


>■ 




r- 




A(PC814C 






83-001 903 A 




Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


//PC814C 8-Pin Plastic DIP 


-20 to +70 °C 



Q) 



2,6 |J 

*CH* l-n 



0) 



Input O* — LI Q1 Q^"!] — ►-0 +lnput 



L, 3,5 

I — *0 +lnpi 





<! 
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Absolute Maximum Ratings 

Ta = 25°C 



Electrical Characteristics 

Ta = 25°C, V± = ±15 V 



Voltage Between \l+ and V- 


36 V 


Power Dissipation 


350 mW 


Differential input Voltage 


±30 V 


Common Mode Input Voltage (Note 1) 


+15V 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


-20 to +70 °C 


Storage Temperature Range 


-55to+125°C 



Note: 1. Forsupplyvoltageslessthan±15V,theabsolute maximum 
input voltage is equal to the supply voltage. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 



Paramater 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 


V± 


±5 




±16 


V 


Capacitive Load 


Cl 






220 


PF 


Output Current 


Iq 






10 


mA 



Operating Characteristics 

Ta = 25°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset Voltage 


Vio 




1 


3 


mV 


Rs = 50 


input Offset Current 


1)0 




25 


100 


pA 


Ta = 25°C 


input Bias Current 


lb 




50 


200 


pA 


Ta = 25°C 


Voltage Gain 


AVOL 


88 


106 




dB 


Rl = 2 kO. 
Vo-±10V 


Supply Current 


Ice 




5 


6.8 


mA 


Botti channels 


Common Mode 
Rejection Ratio 


CMRR 


70 


100 




dB 




Supply Voltage 
Rejection Ratio 


SVRR 


70 


100 




dB 




Output Voltage Swing 


Vom 


±12 ±13.5 




V 


RL = 10ko 


Output Voltage Swing 


Vom 


±10 


±12 




V 


Rl = 2 kO 


input Voltage Range 


Vicn, 


±11 






V 




Slew Rate 






25 




V//.S 


Av = +1 


Input Noise Voltage 


en 




20 




nV/ 
n/Hz 


Rs = iooq, 

f = 1 kHz 


Unity Gain Frequency 






6 




iVIHz 




Channel Separation 


CS 




120 




dB 


f = l Hz to 
20 kHz 


Over Operating Temperature 


Input Offset Voltage 


Vio 






5 


mV 


Rs - 50 Q, 


input Offset Voltage 
Drift 


AVjo/AT 




7 




/^V/°C lA^Topt 


Input Bias Current 


lb 






7 


nA 


Ta = Top, 


input Offset Current 


Ijo 






2 


nA 


Ta = Topt 



Voltage Follower Pulse Response 



Voltage Follower Pulse Response 
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__mgit 
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Cl = 220 pF 
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5 V/div Vertical 
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5 V/div Vertical 

500 ns/div Horizontal 
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//PC 1458 
DUAL GENERAL PURPOSE 
OPERATIONAL AMPLIFIER 



Description 

The //PC1458 ia a dual general purpose operational 
amplifier which incorporates internal frequency compen- 
sation. This circuit was designed for a wide range of gen- 
eral applications. Large common mode voltage range 
and latch-free operation make this device ideal for 
voltage-follower applications where quality and cost 
are major concerns. 

Features 

D Internal frequency compensation 

D Short-circuit protection 

D Large common mode and differential input voltage 

D No latch-up 

n MC1458 direct replacement 



Pin Configurat 


ion 


















Output A 1 


W 


8 V+ 






- Input A 2 
+ Input A 3 




r- 


E>^ 






7 Output B 
6 -Inputs 








V- 4 




— \ ^ 


_! 


5 + Inputs 




/iPC1458C/G2 








83-0021 18A 



Equivalent Circuit 

1/2 Circuit 



2,6 

o- 



oS- 



u '\^ , 1 1 ^ - 



■■it^ 



-K. 



1 



°yt f ^ K 



QiV^- 



^R5 

S39k 



Vo„ 



-<°« 



<°" 






1 1 

< R9 

>30O 



R7^ 
50 k ^ 



~K°" i^ 0, 



Qzs 



'> 



< Rio 

< 25 



Q20 



i Ri > f^3 < R2 

M k ?• 50k > 1 k 



R12 < R11 ■■ 
50 k > 50 k ' 



^«> 



-K^^ 
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Ordering Information 



Part 

Number Package 


Operating 

Temperature 

Range 


//PC1458C Plastic DIP 


0°Cto+70°C 


/iPC1458G2 Plastic IVIiniflat 


0°Cto+70°C 


Absolute Maximum Ratings 




36 V 


Power Dissipation, C Package 


350 mW 


Power Dissipation, G2 Package 


440 mW 


Differential Input Voltage 


±30 V 


Input Voltage INotel) 


±15 V 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


0to+70°C 


Storage Temperature Range 


-55to+125°C 



Note: 1. For supply voltages less than ±15 V, the absolute maximum 

input voltage Is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



Electrical Characteristics 

Ta = 25°C,V± = ±15V 








Symbol 


Limits 




Unit 


Test 


Parameter 


Min. Typ. 


Max. 


Conclitions 


Input Offset 
Voltage 


Vio 


1.0 


6.0 


mV 


RS<10kn 


Input 

Offset Voltage 
Drift 


AVjo/AT 


3 




/yV/°C 


RS<10kO 


Input Offset 
Current 


■io 


20 


200 


nA 




Input Bias 
Current 


lb 


80 


500 


nA 




Large Signal 
Voltage Gain 


AVOL 


88 104 




dB 


Rl > 2 kO, 
Vo = ±10V 


Channel 
Separation 


OS 


120 




dB 


f=10Hz, 
Rl = 2 kO 


Supply 
Current 


Ice 


3.0 


5.6 


mA 




Power 
Consumption 


PD 


90 


170 


mW 




Common 
Mode 
Rejection 
Ratio 


CMRR 


70 90 




dB 


RS<10kO 


Supply 
Voltage 
Rejection 
Ratio 


SVRR 


89 


103 


dB 


RS<10kO 


Output 
Voltage 
Swing 


Vom 


±12 ±14 




V 


RL>10kO 


Output 
Voltage 
Swing 


Vom 


±10 ±13 




V 


Rl > 2 kO 


Input 
impedance 


R|N 


0.3 1 




MO 
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Operating Characteristics 

Ta = 25°C 



Open Loop Frequency Response 



Large Signal Frequency Response 











Ta = 


25 °C 










V±=±15V 


> 


\ 












\, 














V 












\, 














V 












\ 












^ 


V 












\ 












^ 


V 












N 



10 100 Ik 10 k 100 k 1 M 

Frequency (Hz) 



D> 20 
S 

O) 16 

O) 

^ 12 









Ta = 25°C 
V± = ±15V 
RL>10kO 




-^ 








































\^ 










^--.^ 



Output Voltage Swing vs Load Resistance 



Output Voltage Swing 
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V±-=±15V 
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Ta = 


+25°C 


















RL>2kn 
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Load Resistance (kO) 



±10 
Supply Voltage (V) 



Power Consumption 



Supply Current 

























200 


















T. ,..-| 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Tec ~ Ta Characteristics 



Output Short Circuit Current 
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PRELIMINARY INFORMATION 



//PC4062 

DUAL J-FET INPUT LOW-POWER 

OPERATIONAL AMPLIFIER 



Description 

TheyuPC4062 is a low-power, J-FET input, operational 
amplifier featuring low supply voltage operation from 
+1 .75 V. Supply current of //PC4062 is 1/10 the supply 
current of a/yPC4083 op-amp. With very low input bias 
current characteristics, the //PC4062 is an excellent 
choice for hand-held measurement equipment and 
other low-power application circuits. 

Features 

D Low supply current: 400 /jA 

n Very low input bias and offset currents 

n High slew-rate: 3 y/jjs 

D High input impedance 

D Low supply voltage operation 

D Output short-circuit protection 

D Internal frequency compensation 

Equivalent Circuit 

1/2 Circuit 



Pin Configuration 











Output A 1 


^_y 


8 V+ 






- Input A 2 
+ Input A 3 


— 


r- 


EJ^ 






7 Outputs 
6 - Input B 












V- 4 




— ^^^ 


_J 


5 + Input B 






/iPC4062C/G2 




83-0021 18A 









2,6 ,_J 

ito-— pI 



3,5 
+lnput O— 



Q1 Q2_ 



> 



3 



H<c 



>- 



re 



M<o 
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Ordering Information 




Part 
Number 




Package 


Operating 

Temperature 

Range 


//PC4062C 




Plastic DIP 


0to+70°C 


/yPC4062G2 




Plastic Minlflat 


Oto+70°C 


Recommended Operating Conditions 




Symbol 


Limits 


Test 


Parameter 


Min. Typ. Max. 


Unit Conditions 


Supply 
Voltage 


V± 


+1.75 ±16 


V 


Output 
Current 


■o 


5 


mA 


Load 

Capacitance 
(Voltage 
Follower) 


cl 


100 


PF 



Absolute Maximum Ratings 

Ta = 25°C 



Voltage Between V+ and V- 


36 V 


Power Dissipation (Note 1). C Package 


350 mW 


Power Dissipation (Note 2), G2 Package 


440 mW 


Differential Input Voltage 


±30 V 


Input Voltage (Note 3) 


±15 V 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


0to+70°C 


Storage Temperature Range 


-55to+125°C 



Notes: 1 . Thermal derating factor is 5 mW/°C for T^ > +55°C. 

2. Thermal derating factor is 4.4 mW/°C for Ta > +25 °C. 

3. For supply voltages less than +15 V, the absolute maximum 
input voltage is equal to the supply voltage. 



Electrical Characteristics 

Ta = 25°C, V± = ±15V 





Symbol 




Limits 




Unit 


Test 


Parameter 


IVIin. 


Typ. 


Max. 


Conditions 


Input Offset Voltage 


V|o 




2 


15 


mV 


Rs = 50 


Input Offset Voltage 


Vio 






20 


mV 


Rs = 50. Ta = ToPT 


lFH)ut Offset Voltage 


AVjo/AT 




7 




//V/°C 


Rs = 50, Ta = ToPT 


input Offset Current 


lio 




5 


50 


pA 




Input Offset Current 


l|o 






1.5 


nA 


Ta = ToPT 


Input Bias Current 


lb 




10 


100 


pA 




Input Bias Current 


lb 






3 


nA 


Ta = Tqpt 


Large Signal Voltage Gain 


AVOL 


69 


75 




dB 


RL-10kQ,Vo = +10V 


Supply Current 


Iqc 




400 


500 


//A 




Common Mode Rejection Ratio 


CMRR 


70 


95 




dB 




Supply Voltage Rejection Ratio 


SVRR 


70 


95 




dB 




Output Voltage Swing 


Vom 


±12 


±14 




V 


RL = 10kQ 


Common Mode Input Voltage 


Vicm 


±12 


+15 




V 




-13 




V 




Output Current 


Iq 


±5 






mA 


Vom = ±10V 


Slew Rate 


SR 




3 




V//.S 


RL = lOkn 


Input Noise Voltage 


en 




30 




nV/^/Hz 


f = 1kHz 


Gain Bandwidth Products 


GBW 




1 




MHz 




Cliannet Separation 






120 




dB 


f = 1 to 20 kHz 
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/iPC4072 

DUAL J-FET INPUT LOW-NOISE 

OPERATIONAL AMPLIFIER 



Description 

The J-FET input operational amplifiers of the/iPC4072 
are designed as low-noise versions of the /yPC4082. 
Features of the/wPC4072 include improved input noise 
voltage, input offset voltage, and input bias current 
compared to the //PC4082. These features make the 
//PC4072 an excellent choice for a wide variety of 
applications including audio preamplifier and active 
filter circuits. 

Features 



Pin Configurations 



n Low noise: en = 18 nV/vHz 

D Low input bias and offset currents 

D Output short-circuit protection 

D High input impedance 

D Internal frequency compensation 

D High slew rate: 13 V/yus typical 

D Latch-free operation 






Ordering Information 




Part 
Number 


Package 


Operating 

Temperature 

Range 


//PC4072C 


Plastic DIP 


0to+70°C 


//PC4072G2 


Plastic JVJinlflat 


Oto+70°C 


//PC4072HA 


Plastic SIP 


Oto+70°C 



'E 
E 



-\y- 






el v+ 

t\ Outputs 
6 - Input B 
5 + Input B 










v+ [T 


o 




Output A [7 












-Input A [7 


— 1 








+lnputA IT 




A^ 1 






v-[7 






+lnput B [7 
-Input B jT 


1 


B ^ 1 










Output B [7 












V+ [7 


/[VPC4072HA 








83-002822A 
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Equivalent Circuit 

1/2 Circuit 



2,6 
- Input O— 



-•-Hqi 



3,5 
+ Input O — 



^ 



-KQe 



-> 



KjQs 



yA — 



■tCq14 



< 



-M- 




< 



1,7 
— O Output 



16~~V» 



5[ D2 



Absolute Maximum Ratings 

Ta = 25°C 



Recommended Operating Conditions 



Voltage Between V+ and V" 




36 V 


Differential input Voltage 




±30 V 


Input Voltage (Hotel) 




±15 V 


Power Dissipation (C Package) 




350 mW 


Power Dissipation (G2 Paclcage) 




440 mW 


Power Dissipation (HA Paclcage) 




350 mW 


Output Short Circuit Duration 




Indefinite 


Operating Temperature Range (C ( 


)r G2 Package) 


0to+70°C 


Operating Temperature Range (HA Package) 


0to+70°C 


Storage Temperature Range (C or 


G2 Package) 


-55to+125°C 


Storage Temperature Range (HA Package) 


-55to+125°C 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min. 


Typ. 


Nlax. 


Conditions 


Supply 
Voltage 


V± 


±5 




±16 


V 




Capacitive 

Load 

(Av = +1) 


cl 






100 


PF 




Output 
Current 


lO 






10 


mA 





Note: 1. For supply voltages less than ±15 V, the absolute 

maximum input voltage is equal to supply voltages. 
Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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Electrical Characteristics 

Ta = 25°C, V± = ±15V 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


IVIax. 


Conditions 


Input Offset Voltage 


Vio 




3 


10.0 


mV 


Rs < 50 


Input Offset Current 


■io 




5 


50 


pA 


TA-25°C(Note1) 


Input Bias Current 


lb 




30 


200 


pA 


TA = 25°C(Note1) 


Large Signal Voltage Gain 


%L 


88 


106 




dB 


RL>2kaVo = ±10V 


Supply Current 


Ice 




4 


5 


mA 


Both amplifiers 


Common Mode Rejection Ratio 


CMRR 


70 


86 




dB 




Supply Voltage Rejection Ratio 


SVRR 


70 


86 




dB 




Output Voltage Swing 


Vom 


±12 


±13.5 




V 


RL>10kO 


Output Voltage Swing 


Von, 


±10 


±12 




V 


Rl > 2 kn 


Common Mode Input Voltage Range 


Vicm 


±10 






V 




Slew Rate 


SR 




13 




M/fjs 


Av = 1 


Input Equivalent Noise Voltage 


en 




18 




nV/N/Hz" 


Rs = 100Q,f = 1 kHz 




4 




M^ms 


Rs = 100 0,f=10HztolOkHz 


Unity Gain Bandwidth 


GBW 




3 




MHz 




Channel Separation 


CS 




120 




dB 




Over Operating Temperature Range 


Input Offset Voltage 


Vio 






13 


mV 


Rs<50Q,Ta = Topt 


Input Offset Voltage Drift 


AVjo/AT 




10 




fj\l/°C 


Ta = ToPT 


Input Bias Current 


lb 






7 


nA 


Ta = Tort 


Input Offset Current 


lio 






2 


nA 


Ta = Tqpt 




Note: 



1 . Input bias currents are temperature sensitive. Short time measuring method is recommended to maintain the junction temperature 
close to the ambient temperature. 
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Operating Characteristics 

Ta = 25°C 



Power Dissipation 



Open Loop Frequency Response 



600 














































G 


Package 




















"V 


•V^ 
















C/H 


A Packages 


^V 


"Ni- 


























s,^ 






















s^ 







































































































































"V 


Rl = 2 kn 




\ 


\/ 










\ 


V 














\ 


\ 














N 


V 














N 


s 



1 10 100 



Ambient Temperature (°C) 



1k 10k 

Frequency (Hz) 



100k 1M 10M 



Large Signal Frequency Response 



Output Voltage Swing 



> 
5 10 









1 


Rt = 10kQ 




V± = ±15V 










\ 






V± = ±10V 




\ 








\ 


\ 




V+ = ±5 V 




^ 



100 1k 



2k 10k 1M 10M 

Frequency (Hz) 



V± = ±15V 


^ 




' 




/^ 















Load Resistance (kO) 



Output Voltage Swing 



Voltage Follower Pulse Response 



o 10 



RL = 10kn 






^ 








y^ 






y^ 




y 


y^ 







±10 
Supply Voltage (V) 











RL = 2kQ 






/ 


Output 


\ 


Cl = 100 pF 
V± = +15V 




/ 




\ 






r - 


{^ 








r 1 






Input 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Input Bias Current 



Input Equivalent Noise Voltage 



d 1.0 









V± = ±15V 










^ 






^ 


-^ 






_^ 













0) 
O) 

S 







V± = ±15V 
Rs = 100O 



































Ambient Temperature ( °C) 



Supply Current 



Frequency (Hz) 




±10 ±15 

Supply Voltage (V) 
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//PC4082 

DUAL J-FET INPUT 

OPERATIONAL AMPLIFIER 



Description 

The //PC4082 is designed around matched ion implant 
P-channel J-FET inputs, along with standard bipolar 
technology. Featuring very low input bias current and ten 
times the slew rate of general purpose operational ampli- 
fiers, this device is well suited for active filters, inte- 
grators, and pulse amplifier applications. 

Features 

D Wide common-mode and differential input voltage 

ranges 
D Low input bias and offset currents 
D Output short-circuit protection 
D High input impedance: J-FET input stage 
D Internal frequency compensation 
D High slew rate: 13 V//iS typical 
D Latch- free operation 
D TL082 direct replacement 

Equivalent Circuit 



Pin Configuration 









Output A 1 


\^ 


8 V+ 






- Input A 2 
+ Input A 3 




^ 






7 Output B 
6 - Input B 










V- 4 


^C^ 

A(PC4082C/G2 




5 + Input B 






83-002275A 



1/2 Circuit 



Qs^ 



- Input 0~ 

3,5 
f Input O- 



">1q6 



"KToT 



8V+ 

-o 



-M- 
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Ordering Information 



Part 

Number Package 


Operating 

Temperature 

Range 


//PC4082C Plastic DIP 


0°CtO+70°C 


//PC4082G2 Plastic Miniflat 


0°Cto+70°C 


Absolute Maximum Ratings 

Ta = 25°C 


Voltage Between V+ and V" 


36 V 


Power Dissipation, C Package 


350 mW 


Power Dissipation (Note 1).G2 Package 


440 mW 


Differential Input Voltage 


±30 V 


Input Voltage (Note 1) 


±15 V 


Output Short Circuit Duration 


indefinite 


Operating Temperature Range 


to +70°C 


Storage Temperature Range 


-55to+125°C 



Electrical Characteristics 

Ta = 25°C,V± = ±15V 



Note: 1 . For supply voltages less than ±15 V, the absolute maximum 

input voltage is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



Common 

Mode 

Input 

Voltage 

Range 





Symbol 


Limits 




Unit 


Test 


Parameter 


iVIin. Typ. 


Max. 


Conditions 


Input Offset 
Voltage 


Vio 


5.0 


15.0 


mV 


RS<50 


Input Offset 
Current 


lio 


5 


200 


pA 




Input Bias 
Current 


■b 


30 


400 


pA 




Large Signal 
Voltage Gain 


AVOL 


88 106 




dB 


Rl > 2 kO, 
Vo = ±10V 


Supply 
Current 


•cc 


4.0 


5.6 


mA 


Both 
amplifiers 


Common 
Mode 
Rejection 
Ratio 


CMRR 


70 76 




dB 




Supply 
Voltage 
Rejection 
Ratio 


SVRR 


70 76 




dB 




Output 
Voltage 
Swing 


Vom 


±12 ±13.5 




V 


RL>10kO 


Output 
Voltage 
Swing 


Vom 


±10 ±12 




V 


Rl > 2 kO 



±10 



Slew Rate 


SR 


13 




V/yWS 


Ai/=1 


Input 

Equivalent 
Noise 
Voltage 


en 


25 




nV/x/iiz 


f = 1 kHz. 
RS=100Q 


Unity Gain 
Bandwidth 


GBW 


3 




MHz 




Channel 
Separation 


CS 


120 




dB 




Over Operating Temperature Range 


Input Offset 
Voltage 


V|o 




20 


mV 


RS < 50 0. 
Ta = ToPT 


Input 

Offset Voltage 

Drift 


AVjo/Al 


10 




yuV/°C 


Ta = TflPT 


Input Bias 
Current 


lb 




10 


nA 


Ta = ToPT 


Input Offset 
Current 


lio 




5 


nA 


Ta = Tort 
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Operating Characteristics 

Ta = 25°C 



Open Loop Frequency Response 



Large Signal Frequency Response 













v± = 
Rl = 


±15V 
2kO 




"\ 






\ 


\, 














\ 


\ 














\ 


\, 














\ 


\, 










1 




\ 


\ 



10 100 Ik 10 k 100 k 1 M 10 M 

Frequency (Hz) 











Rl = 10 kn 




V± = ±15V 




1 








\ 






V± = ±10V 










\ 


\ 




V± = ±5 V 




\ 



100 1 k 



10 k 100 k 

Frequency (Hz) 



1 M 10M 



Output Voltage Swing 



Output Voltage Swing 



Rl = 10 kO 






/ 






^ 


/^ 




y 


^ 




y 


/^ 







±10 
Supply Voltage (V) 



V± = ±15V 


/ 


/- 







/ 















100 300 Ik 3 k 10 k 

Load Resistance (kO) 



Input Bias Current 



Voltage Follower Pulse Response 











V+ = ±15V 










^ 






^^ 


^ 




— 


- — 









20 40 

Ambient Temperature (°C) 

















/ 


"^ Output 


\ 


Rl = 2 kn 
Cl = 100pF 
V± = ±15V 






1 




\ 












L- \ 










^ Input 

































3-69 



//PC4082 



NEC 



Operating Characteristics (Cent.) 



Input Equivalent Noise Voltage 



Supply Current 









V± = ±15V 
Rs = 100 










^^ 


-- H 



















1k 
Frequency (Hz) 



±5 ±10 ±15 

Supply Voltage (V) 
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//PC4359 

DUAL HIGH-SPEED 

PROGRAMMABLE CURRENT MODE 

OPERATIONAL AMPLIFIER 



Description 

The //PC4359 consists of two current differencing 
input amplifiers. Design emphasis has been placed on 
obtaining high frequency performance while providing 
user programmability. Each amplifier provides high 
gain-bandwidth product, high slew rate, and stable 
inverting operation in closed loop designs with a gain 
of ten or greater. 

Features 

D User programmable gain bandwidth product, slew 

rate, input bias current, output stage current 
D High gain bandwidth product: 
300 MHz for A»,= 10 to 100 
30 MHz for A^, = 1 
D High slew rate: 

60V///sforA»; = 10to100 
30 y/fjs for A^; = 1 
D Operates from a single 5 V to 22 V supply 
D Currentdifferencinginputsallow high common-mode 

input voltages 
D LM359 direct replacement 



Equivalent Circuit 



Pin Configuration 





Ordering information 




Part 

Number Package 


Operating 

Temperature 

Range 


A/PC4359C Plastic DIP 


0°Cto+70°C 



1/2 Circuit 



^ 



7^=5 



^ 



HC 



> 



> 



6 
'set 



6,10 
—Input O— 



1 



I 



±± 
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Absolute Maximum Ratings 

Ta = 25°C 



Supply Voltage Range V+ 


22 V 


Input Current I|n 


20 mA 


Set Current Iset 


2 mA 


Power Dissipation Pq 


570 mW 


Operating Temperature Range. Tgpt 


Oto+70°C 


Storage Temperature Range. Tgtg 


-55to+125°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to tlie device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Electrical Characteristics 

Ta = 25 °C, Iset = 0.5 mA, V± = ±12 V 





Symbol 




Limits 




Unit 




Test 
Conditions 




Parameter 


Min. 


Typ. 


Max. 




Open Loop Voltage Gain 


AVOL 


62 


70 




dB 


f = 1 


IOOHz,RL = 1kO 




Gain Bandwidth 


GBW - 


15 


30 




MHz 


R|N = 


= 1 kn,CcoMP = 10pF,Av = 1 




200 


300 




MHz 


f)|N = 


= 50to200 0.Av = 10to100 




Slew Rate 


SR - 




30 




V///S 


R|N = 


= 1kO.CcoMP = 10pF.Av = 1 






60 




V///S 


R|N = 


^200Q 




Channel Separation 


CS 




80 




dB 


f = l 


IOOHzto100kHz.RL = 1kQ 






-Input - 
+lnput - 


0.9 


1.0 


1.1 


//A/a/A 


■set 


= 5/iA +lnputs = 2mA 


Ta = 25«C 


IVIirror Gain 


0.9 


1.0 


1.1 


M///A 


■set 


= 5yuA +lnputs = 0.2 mA 


Ta = Topt 




0.9 


1.0 


1.1 


/.A/yuA 


■set 


= 5 //A +lnputs = 20mA 




Mirror Gain 


/-lnput\ 
^V+lnputy 




3.0 


5.0 


% 


■set 


= bfik +lnputs = 20 mA to 0.2 mA Ta^Tqpt 


Input Bias Current 


lb - 




5.3 


15 


//A 


-Inputs Ta = 25<'C 






30 




//A 


-Inputs Ta = Topt 




Input Resistance 


R|N 




2.5 




kn 


-Inputs 




Output Resistance 


Ro 




3.5 







■o = 


15,mArms.f=l^VIHz 




High Level Output Voltage 


Vqh 


9.5 


10.3 




V 


Rl = 


-- 600 Q, all inputs grounded 




Low Level Output Voltage 


Vol 




0.002 


0.05 


V 


Rl = 


= 600 n, -inputs = m/ik, +inputs grounded 


Output Source Current 


■source 


16 


65 




mA 


Rl = 


= 100 0. an inputs grounded 




Output Sink Current 


■sink - 




4.7 




mA 


Vo = 


= 1 V. VcoMP = 0.5 V. +lnputs grounded 


1.5 


4.5 






Vo = 


= 1 V. -Inputs = 100 //A. +inputs grounded 


Supply Current 


■cc 




17 


22 


mA 


Rl- 


= 0°, +inputs grounded 




Supply Voltage Rejection Ratio 


SVRR 


40 


48 




dB 


f = 


120 Hz. +inputs grounded 
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Operating Characteristics 

Ta = 25°C 



100 
90 












Open Loop Frequency Response 


































T, 
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= 25°C 
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l^ = +12V 
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1 1 
= 0.5 mA 1 
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Set Current (mA) 



Set Current (mA) 



Gain and Pliase Feedbacl< Gain = 



-100 



Gain and Phase Feedback Gain = 







1 




- 
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Ph. 


se 




-^^ 
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■V^ 


V 


s 
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i 
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10 
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uA;,- 10 


A 








( 
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1 1 
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>> 
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kn 
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Pi 


.- 
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Operating Characteristics (Cent.) 

Ta = 25°C 



inverting input Bias Current 



Mirror Gain 
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Operating Characteristics (Cent.) 

Ta = 25°C 
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Typical Applications 

Inverting AC AmpUfier 



^ Rs 

®lnO II VW- 

Rb 
Vbias O Wv- 




eo 
— O 

VO(DC) 



Vbias = v+ /t^Rset 



Av(AC) = Rp/Rs 

V0{DC) = Vbe + Rf [ ^^ ~ ^^^ + Ib(-)] 
Rb 



83-00211 2 A 



Non-Inverting AC Amplifier 




C Rs 
e,nO II— WV 



eo 
-O 



Vo(DC) 



Av(AC) = Rf/(Rs + fE) •'e: Emitter Resistance of Q1 
re = 0.026/l|+ (l|(+) = 0.2 mA, te = 130 Q) 
Vo(DC) = Vbe (1 +^) + Ib( ).Rf 

"B 



Inverting AC Amplifier (Self Biasing) 



C Rs 

e|no II \\V 




eo 
-O 



VO(DC) 



Rset 



Av(AC) = Rf/(Rs + te) fE- Emitter Resistance of Q1 

Vo(DC) = Vbe (1 +--^) +Ib(-).Rf 
Rs 
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Typical Applications (Cent.) 

Video Line Driver Application 



©InO- 



100/uF 



*^ 



75 Q 



+12V 
Q 



-VA •- 



0.01 750 Q 



Cf 



-Vv\ 

Rf 7.5 k 




eout ''"''^'"' 



-oeout 




Gain and Phase 




10 M 100 M 

Frequency (Hz) 
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/yPC4556 

DUAL DECOMPENSATED 

HIGH-PERFORMANCE 

OPERATIONAL AMPLIFIER 



Description 

The //PC4556 is a dual operational amplifier with 
advanced AC performance characteristics over the 
4558 type operational amplifiers. The device features 
low input and high output current drive capability. The 
decompensation characteristic guarantees 20 MHz 
gain bandwidth product above 20 dB. The combined 
performance features of this device make it ideal for 
use in audio applications. 

Features 

D Gain-bandwidth products: 20 MHz (Av > 20 dB) 

D High slew-rate: 5 y/fjs 

D Low input noise voltage: 6/;Vp.p 

D Decompensated frequency characteristics 

D Large common mode and differential input 



Pin Configuration 



^E 



TIT- 




/iPC4556C/G2 



Equivalent Circuit 

1/2 Circuit 



v+o- 



2,6 
- Input O- 



+ Input O- 



v-o- 



tfoi 



03>- 



-^ 



o»>- 



< 



<- 



in 
I 



Ra rirci >R3 ^R4 



<»' 




°"H 



1,7 
— O Output 
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Ordering Information 



Part 
Number 


Package 


Operating 

Temperature 

Range 


//PC4556C 


Plastic DIP 


0°Cto+70°C 


yuPC4556G2 Plastic Miniflat 


0°Cto+70°C 


Absolute Maximum Ratings 

Ta = 25°C 






36 V 


Power Dissipation (Note 1). C Paclcage 


700 mW 


Power Dissipation (Note 1). G2 Paci(age 


440 mW 


Differential Input Voltage 




±30 V 


Input Voltage (Note 2) 




±15 V 


Output Short Circuit Duration 




5s 


Operating Temperature Range 




Oto+70°C 


Storage Temperature Range 




-55 to +125° 



Notes: 1 . When the ambient temperature is more than 25 °C, derate 
linearly at 7mW/°C, (Tj_max = 125°C). 
2. For supply voltages less than ±15 V, the absolute maxi- 
mum input voltage is equal to the supply voltage. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Typical Application 

Non-Inverting Amplifier 



R3 



VinO 



1/2 yuPC4556C/G2 




R3 > 9R2 
Ri = R2 



Inverting Amplifier 



Vi O-AA/V 




R2 



1/2//PC4556C/G2 




)Vo 



R4 and C are necessary when: 
R2 < IOR1 



R4f 



C> 



R2/R4 

2R4 • 5 MHz 



Electrical Characteristics 

Ta = 25°C,V± = +15V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset Voltage 


ViO 




0.5 


6.0 


mV 


RS<10kO 


Input Offset Current 


1.0 




5 


200 


nA 




Input Bias Current 


lb 




180 


500 


nA 




Voltage Gain 


AVOL 




100 


86 


dB 


RL>2kO,Vo = ±10V 


Power Dissipation 


Pd 




90 


170 


mW 


Both channels 


Common Mode Rejection Ratio 


CMRR 


70 


90 




dB 


RS<10kO 


Supply Voltage Rejection Ratio 


SVRR 




89 


103 


dB 


RS<10kO 


Output Voltage Swing 


VOM 


±12 


±14 




V 


RL > 2 kO 


Output Voltage Swing 


VONI 


±10 


±11.5 




V 


iO = ±25 mA 


Common Mode Input Voltage Range 


Vicm 


±12 


±14 




V 




Slew Rate 


SR 




5 




V///S 


Au>10(20dB) 


Input Noise Voltage 


en 




6 




//Vp.p 


Rs:=lkn.f = lHztolkHz 


Channel Separation 


CS 




105 




dB 


f = 1 kHz 
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Operating Characteristics 

Ta = 25°C 



Open Loop Frequency Response 



Large Signal Frequency Response 













V+ = +15V 






\ 


\, 














\ 


k 














N 


\, 














\ 


\ 














\ 



100 1k 10 k 100 k 1 M 10 M 

Frequency (Hz) 









V -±15V 














1 








1 










V 








V 








^ 



















10 k 100 k 

Frequency (Hz) 





Output Voltage Swing 










V+ = ±15V 


^^-^ 


^- 


|Vn-| 






ivo+i^N 










\ 


\ 



Input Bias Current 













V± = ±15V 


160 


"'"^--> 


^^ 


















120 
80 
40 





































Output Current (mA) 



Ambient Temperature (°C) 



Supply Current 

























^. 



























































±10 
Supply Vortage (V) 









Dommon Mode Input Voltage 


Range 






> 

1,0 
















-• 












-- 


^ 














1 

i-10 

1 
u 






-- 


^ 




























^ 







±10 
Supply Voltage (V) 



3-81 



//PC4556 



NEC 



Operating Characteristics (Cent.) 

Pulse Response 



2 

i 

3 

I ° 

3 

3 
a 
O 

-5 











V± = ±15V 




1 




\ 








1 




\ 



















Input Noise Voltage 



1000 
300 
100 
30 
10 








V 






\ 




















10 20 30 40 

Time Cus) 
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//PC4557 

DUAL HIGH-PERFORMANCE 

OPERATIONAL AMPLIFIER 



Description 

The //PC4557 is a dual operational amplifier which fea- 
tures higher output drive current than that of the 
/iPC4558. This feature allows driving of headphone 
speakers directly. Other characteristics of this device are 
low noise and no crossover distortion, which make it the 
ideal choice for audio applications. 

Features 

D Internal frequency compensation 

D Large common-mode and differential input voltage 

ranges 
n No latch-up 
D Low noise 



Pin Configuration 



Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


//PC4557C Plastic DIP 


0°Cto+70°C 









Output A 1 


V^ 


8 V+ 






-Input A 2 
+ Input A 3 


— 




^ 






t] Output B 
6 -Input B 








v-E 


1 ^B 

/iPC4557C 


-\ 


5 +lnputB 


83-002298A 



Equivalent Circuit 

1/2 Circuit 



v+o- 



3,5 
+ Input O— 



v-o- 



'to fT Qi 



-> 



<S- 



<»' 



<- 



<- 



<» 



R2 liiCi >R3 ^R4 



> 



: Rg 5 [d 
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Absolute Maximum Ratings 

Ta = 25°C 




Voltage Between V+ and V- 


36 V 




700 mW 


Differential Input Voltage 


±30 V 


Input Voltage (Note 2) 


+15V 


Output Short Circuit Duration 


5s 


Operating Temperature Range 


to +70°C 


Storage Temperature Range 


-55lo+125°C 



Notes: 1 . When the ambient temperature is more than 25°C, derate 

linearly at 7 mW/°C, (Tj^r^ax) = 125°). 
2. For supply voltages less than ±15 V, the absolute maximum 

input voltage is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

Noise Measurement Circuit 



100 k 



50 O , 




CRT 
■— OVo 



1/2//PC4557C 



Vo 



Electrical Characteristics 

Ta = 25°C, V± = +15V 








Symbol 


Limits 




Unit 


Test 


Parameter 


Min. Typ. 


Max. 


Conditions 


Input Offset 
Voltage 


Vio 


0.5 


6.0 


mV 


RS<10kQ 


input Offset 
Current 


lio 


5 


200 


nA 




Input Bias 
Current 


ib 


180 


500 


nA 




Large Signal 
Voltage Gain 


AVOL 


86 100 




dB 


RL > 2 kO, 
Vo = ±10V 


Power 
Dissipation 


PO 


90 


170 


mW 


Both 
channels 


Common 
Mode 
Rejection 
Ratio 


CMRR 


70 90 




dB 


RS<10kO 


Supply 
Voltage 
Rejection 
Ratio 


SVRR 


30 


150 


yUV/V 


Rs<10kQ 


Output 
Voltage 
Swing 


Vom 


±12 +14 




V 


RL > 2 kO 


Output 
Voltage 
Swing 


Vom 


±10+11.5 




V 


IQ = ±25 mA 


Common 
Mode Input 
Voltage Range 


Vicm 


±12 ±14 




V 




Slew Rate 


SR 


1.0 




V///S 


Av=1 


Input Noise 
Voltage 


en 


6 




//Vp.p 


Rs = 1 kO, 

f=1 Hz 
to 1 kHz 


Channel 
Separation 


CS 


105 




dB 


f = 1 kHz 



Ctiannel Separation Measurement Circuit 




HDVo2 



Channel Separation 

1 ^ Vo2 
1000 * Vol 



= 20 log 



/yPC4557C 




y^ 1/2/7PC4 



-OVoi 



1/2yuPC4557C 
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Operating Characteristics 

Ta = 25°C 



Open Loop Frequency Response 



Large Signal Frequency Response 



O 60 

O) 

S 













V+ = ±15V 






\ 














\ 


\ 














\ 


V 














N 


K, 














\ 


\ 



10 100 



1 k 10k 

Frequency (Hz) 



100 k 1 M 10 M 



S 16 

o 
> 

2 12 









V± = ±15V 














\ 








\ 








\ 








\ 








\ 










\s,,^^ 








^^^ 



10 k 
Frequency (Hz) 



Output Voltage Swing 



Input Bias Current 









V± = ±15 V 




^- 


|Vo-| 






|V0+|^ 


^y 








\ 


\ 



< 80 



ffi 

2 40 











V± = ±15V 

























































Output Current (mA) 



Ambient Temperature (°C) 









Supply Current 






























^ 




" 


-1 





















































Common Mode Input Voltage Range 



±10 
Supply Voltage (V) 




Supply Voltage (V) 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Voltage Follower Large Signal Pulse Response 



O) 











V± = ±15V 






/ 




\ 








/ 






\ 



















Input Noise Voltage Density 










Noise Voltage (nVx/Hz 


y 






\ 








"^ 


-._._ 













Application Circuit 

Head Phone AMP 



+20 V 

Q 



C2 

10// 252 



51 k 
Ri 



51k>R2 



^ 



10k 

-VW- 

R5 




1/2A/PC4557C 



180 O 
Re 



NEC cannot assume any responsibility for any circuits shown or represent that 
they are free from patent infringement. 



O 

3 



A 



\ 



8 Q Head Phone 
2.5 mW typical 
maximum power 





Input 




Output 


dBm 




Vrms 


mW 


+6 




1.55 


2.0 







0.775 


0.5 


-6 




0.388 


0.125 
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//PC4558 

DUAL HIGH-PERFORMANCE 

OPERATIONAL AMPLIFIER 



Description 

The //PC4558 is a dual operational amplifier with 
internal frequency compensation. Using low noise 
lateral PNP input transistors on the amplifier inputs 
allows the use of this device for signal processing 
applications, such as low-noise audio preamplifiers 
and signal conditioning circuits. The simplified output 
stage eliminates crossover distortion under any normal 
load conditions. 

Features 

D Internal frequency compensation 

D Short-circuit protection 

D Large common mode and differential voltage range 

n No latch-up 

D Low noise 

D RC4558 direct replacement 



Pin Configuration 



Output A 



E 



- Input A 



E 



+ Input A [3 — 
V- [4 



TIT" 



Equivalent Circuit 

1/2 Circuit 



v+o- 



2,6 

- Input O- 



.J 

RQi 



3,5 
+ Input O — 



v-o- 



-> 



S 




<°' 



QisH- 



0"> 



<- 



<- 



R2 z±C^ >R3 >R4 



1,7 
—O Output 
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Ordering Information 



Part 

Number Package 


Operating 

Temperature 

Range 


//PC4558C Plastic DIP 


0°Cto+70°C 


ywPC4558G2 Plastic Miniflat 


0°Cto+70°C 


Absolute Maximum Ratings 

Ta = 25°C 


Voltage Between V+ and V- 


36 V 


Power Dissipation, C Paclcage 


350fflW 


Power Dissipation, G2 Package 


440 mW 


Differential Input Voltage 


±30 V 


Input Voltage (Note 1) 


±15 V 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range, C or G2 Package 


Oto+70°C 


Storage Temperature Range, C or G2 Package 


-55to+125°C 



Note: 1. Forsupplyvoltageslessthan±15V,theabsolutemaximunn 
input voltage is equal to the supply voltage. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Noise Measurement Circuit 



100 k 



50 n < 




CRT 
— OVo 



1/2/WPC4558C/G2 



Noise 



Vo 



Voltage 2000 



-15 V 



Electrical Characteristics 

Ta = 25°C, V± = ±15 V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset Voltage 


Vio 




0.5 


6.0 


mV 


Rs<10kO 


Input Offset Current 


■io 




5 


200 


nA 




Input Bias Current 


lb 




60 


500 


nA 




Large Signal Voltage 
Gain 


AVOL 


86 






dB 


RL>2kO, 
Vo-±10V 


Power Consumption 


Pd 




90 


170 


mW 


Both channels 
(see note) 


Common Mode 
Rejection Ratio 


CMRR 


70 


90 




dB 


Rs<10kQ 


Supply Voltage 
Rejection Ratio 


SVRR 




30 


150 


//V/V Rs<10kfi 


Output Voltage Swing 


Vom 


±12 


±14 




V 


Rs<10kO 


±10 


±13 




V 


Rs < 2 kO 


Voltage Range 


Vicm 


±12 


±14 




V 




Slew Rate 


SR 




1.0 




V/yuS l^V=] 


Input Noise Voltage 


en 




6 




^Vp-p 


Rs = 1 kQ. 
f = 1 Hz to 
IkHz 


Channel Separation 


CS 




105 




dB 


f = 1 kHz 



Note: The total of internal power dissipation. 
Ctiannei Separation Measurement Circuit 



50 k 




1/2//PC4558C/G2 



Channel Separation 
10 k =20 log I 





ViOOO Vol / 



1/2AfPC4558C/G2 
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Operating Characteristics 



Open Loop Frequency Response 



Large Signal Frequency Response 



:§ 40 













V± = ±15V 






s. 














\ 


V 














\ 


V 














\ 


V 














\ 


s. 



10 100 



Ik 10 k 100 k 1M 10 M 

Frequency (Hz) 









V± = ±15V 














\ 








\ 








\ 








\ 








\ 










V.^ 











10 k 
Frequency (Hz) 



Output Voltage Swing 



Input Bias Current 



8 

O) 

c 

i 20 

(A 

o> 
S 

i « 

3 

3 



V± = ±15V 




^^- 


- — 




x 






y 


/ 






/ 








/ 

















V± = ±15V 






















































Load Resistance (O) 



Ambient Temperature (°C) 











Supply Current 






























_ 




/^ 


— 








.. 








1. 










o 2 



















































Common Mode Input Voltage Range 






f 
















^ 




r^ 




«> 
























■g 

























c 






















^ 
























o 


























-10 












^ 


- 









±10 
Supply Voltage (V) 



10 
Supply Voltage (V) 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Voltage Follower Large Signal Pulse Response 











V± = ±15V 






/ 




\ 








/ 






k 

















Input Noise Voltage Density 




Frequency (Hz) 



Application Circuit 

RIAA Preamp 



Input O — NAAr- 



-^ 



0.0022 A(F 0.01 juF +15 V 
O 



r^ 



^47/.F 



56 k > > 1 k 



rh m -\f>\i ft? 



-^ »-0" 



k. 



Output 



Vo — Distortion Characteristics 







V± = ±15V 
Ta = +25°C 
Ru = 10 kn 
f = 1 kHz 






1 




^^ 


^ 



RIAA Preamp Au = 32.5 dB 
Distortion 0.03% (Vq = 1 Vrms. f = 1 kHz 
Noise 1.0/yVRMS (Input EQUIV, Input EQUIV 
Short Peak Det. Average Indication) 



Output Voltage (Vrms) 
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Peak Level Meter 

This circuit converts the peak voltage (about ±10 mV 
to +10 V) of the input signal to a DC voltage (about 
0.2 V to 1.3 V) and drives the meter. 

Since the output voltage is proportional to the logarith- 
mic value of the peak voltage of the input signal, indi- 
cation of a much wider dynamic range can be obtained 
compared to conventional linear indicating methods. 



Peak Level Meter 



-40 dB ~ +5 dB 
(0 dB = 1 Vp) 



1S953 

-M- 




1/2/yPC4558C/G2 



30 k 



1S953 

-M- 




15 k 



30 k 



1/2/L/PC45S8C/G2 




^■■^^ 3[">S953X2 



1/4A/PC324C/G2 



Log Compression 



Note: NEC cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringements. 



O 
15 V 

Full Wave Rectification 



I 



^ 



1/4/1/PC324C/G2 



6 

-15V 

Peak Hold Meter AMP 
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//PC4559 

DUAL HIGH-PERFORMANCE 

OPERATIONAL AMPLIFIER 



Description 

The/iPC4559 is a dual operational amplifier featuring 
improved slew rate and gain bandwidth product when 
compared to the/iPC4558. With low noise and internal 
frequency compensation, this device is a good choice 
for active filter designs and audio applications. 

Features 

D Internal frequency compensation 

D Large common mode and differential input 

voltage ranges 

D No latch up 

D Low noise 

D Output short-circuit protection 

D RS4559 direct replacement 



Ordering information 




Part 

Number Package 


Operating 

Temperature 

Range 


/iPC4559C Plastic DIP 


0°to+7D°C 



Pin Configuration 



Output A 



\ZT 




Output B 



^J -If 
J +li 




Equivslent Circuit 

1/2 Circuit 



v+o- 



2,6 
- Input O— 



a 



3,5 
)- Input O — 



v-o- 



°3>^ 



^ 



°.>- 



<°' 



<- 



HQ 



X 



R2 :=Ci >R3 >R4 




— ^^Ar- 

Rs 



Ql5~| 
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Absolute Maximum Ratings 

Ta = 25°C 



Voltage Between V+ and V- 


36 V 


Power Dissipation 


350 mW 


Differential input Voltage 


±30 V 


Input Voltage (Note 1) 


±15V 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


Oto+70°C 


Storage Temperature Range 


-55to+125°C 



Note: 1. For supply voltages less than ±1 5 V, the absolute maximum 

input voltage is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Noise Measurement Circuit 



100 k 




CRT 
— OVo 



1/2A/PC4559C 



Noise 
Voltage = 



Vq 
2000 



Channel Separation [Measurement Cjcuit 



^v. 

^>— *— 0V02 



1/2iuPC4559C 



10 k 



Channel Separation 

-- 20 log I 





/ 1 ^ Vo2 \ 
' \1000 * Voi/ 



1/2/iPC4559C 



Electrical Characteristics 

Ta = 25°C,V± = ±15V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Voltage '" 


Vio 




0.5 


6.0 


mV 


RS<10kO 


Input Offset 
Current 


iio 




5 


200 


nA 




Input Bias 
Current 


lb 




60 


500 


nA 




Large Signal 
Voltage Gain 


AVOL 


86 


100 




dB 


Rl > 2 kQ, 
Vo = ±10V 


Power 
Consumption 


pd 




90 


170 


mW 




Common 
Mode 
Rejection 
Ratio 


CMRR 


70 


90 




dB 


RS<10kO 


Supply 
Voltage 
Rejection 
Ratio 


SVRR 




89 


103 


dB 


RS<10kQ 


Output 
Voltage 
Swing 


Vom 


±12 


±14 




V 


Rs>10kQ 


Output 
Voltage 
Swing 


Vom 


±10 


±13 




V 


RS > 2 kQ 


Common 
Mode Input 

Ifnilaim Danfl« 

vDiiage nange 


Vicm 


±12 


±14 




V 




Slew Rate 


SR 




2.0 




V///S 


kv=\ 


Input Noise 
Voltage 


en 




6 




A/Vp.p 


RS = 1 kQ, 
1=1 Hz 
to 1 kHz 


Channel 
Separation 


CS 




105 




dB 


f=1kHz 



3-94 



SEC 



//PC4559 



Operating Characteristics 

Ta==25°C 



Open Loop Frequency Response 



Large Signal Frequency Response 













V± = ±15V 
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1k 10k 

Frequency (Hz) 
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i 12 

Q. 
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V± = ±15V 
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Ik 10 k 100 k 1 ^ 

Frequency (Hz) 



Output Voltage Swing 



Input Bias Current 



S 20 

V) 

0) 

o> 
! 15 



V± = ±15V 
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V± = ±15V 
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^_^____^^__ 





















































Load Resistance (Q) 



Ambient Temperature (°C) 











Supply Current 


































/" 
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1 
















d ^ 

I: 
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[Common Mode Input Voltage Range 






> 
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^ 


-^ 




IT 
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-"^ 
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■S 
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±10 
Supply Voltage (V) 



Supply Voltage (V) 
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Operating Characteristics (Cent.) 

Ta = 25°C 

Voltage Follower Pulse Response 











V± = ±15V 






/ 




\ 
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Input Noise Voltage Density 
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ArPC4560 

DUAL HIGH-PERFORMANCE 

OPERATIONAL AMPLIFIER 



Description 

The /yPC4560 is a dual operational amplifier with 
improved slew rate and gain-bandwidth product when 
compared to the /yPC4559 with unity gain frequency 
compensation. Low input noise and high output current 
drive capability makes this device ideal for audio 
applications and active filters. 

Features 

n Internal frequency compensation 

D Large common mode and differential voltage 

range 
D No latch-up 

D Gain-bandwidth products: 10 MHz typical 
D Low input noise voltage: 6/yVp-p typical 

Ordering Information 



Part 

Number Package 


Operating 

Temperature 

Range 


/yPC4560C Plastic DIP 


0°to+70°C 


/yPC4560G2 Plastic Miniflat 


0°to+70°C 


Absolute i\/laximum Ratings 

Ta-25°C 


Voltage Between V+ and V- 


36 V 


Power Dissipation (Note 1), C Package 


700 mW 


Power Dissipation (Note 1), G2 Package 


440 mW 


Differential Input Voltage 


±30 V 


Input Voltage (Note 2) 


OV 


Output Short Circuit Duration 


Os 


Operating Temperature Range 


0to+70°C 


Storage Temperature Range 


-55to+125°C 



Note: 1. When the ambient temperature is more than 25 °C, derate 
linearly at 7 mW/°C (Tjmax = 125°C). 
2. Forsupply voltages less than +15 V, the absolute maximum 
input voltage is equal to the supply voltage. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditionsabovethose indicated in the operational sectionsof 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Pin Configuration 



^E 



(ut A U - 

)ut A [3 - 
V- [4 



X^ 



3- 



x-3 



/yPC4560C/G2 




Electrical Characteristics 

Ta = 25°C, V± = ±15 V 





Symbol 




Limit 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset Voltage 


Vio 




0.5 


6.0 


mV 


Rs<10l(Q 


Input Offset Current 


iio 




5 


200 


nA 




Input Bias Current 


lb 




60 


500 


nA 




Large Signal Voltage 
Gain 


AVOL 


88 


105 




dB 


Rl > 2 kQ, 
Vo = ±10V 


Power Consumption 


Pd 




120 


170 


mW 


Botli cliannels 


Common Mode 
Rejection Ratio 


CMRR 


70 


100 




dB 


Rs<10l(O 


Supply Voltage 
Rejection Ratio 


SVRR 




89 


103 


dB 


Rs<10kn 


Output Voltage Swing 


Vom 


±12 


±14 




V 


Rs > 2 kn 


±10 


±13 




V 


JQ = ±25 mA 


Common Mode Voltage 
Range 


Vicm 


±12 


±14 




V 




Slew Rate 


SR 




2.8 




V///sAi/=1 


Input Noise Voltage 


en 




6 




^h-l 


Rs = 1 kO, 
f = 1 Hz to 
1kHz 


Channel Separation 


CS 




105 




dB 


f = 1 kHz 
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Equivalent Circuit 

1/2 Circuit 



2,6 
-Input O- 



■-J' 

RQi 



3,5 
+lnput O — 



^? 



<»' 



<- 



°'^ K"' 



Qi2 ^^^''^•l 



R2 d=Ci >R3 >R4 



-O Output 



Noise /Measurement Circuit 



Ctiannei Separation Measurement Circuit 



100 k 



1 k 




CRT 
— OVo 



1/2//PC4560C/G2 



Noise 
Voltage = 



Vq 
2000 



-15 V 



50 q; 




)V02 
1/2 A(PC4560C/G2 



10 k 



Channel Separation 
= 20 log I 



10 k 





/ 1 ^ V02 \ 

\iooo * Voi / 



)Voi 

1/2 yuPC4560C/G2 
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Operating Characteristics 

Ta = 25°C 



Open Loop Frequency Response 



Large Signal Frequency Response 













V± = ±15V 






















\ 
















N 
















V, 














\ 





100 Ik 10 k 100 k 1M 10 M 

Frequency (Hz) 



^ 24 









V± = ±15V 














\ 








\ 








\ 








\ 










\ 








^^ 








^^ 



10 k 
Frequency (Hz) 



Output Voltage Swing 



Input Bias Current 









V± = ±15V 


■ 


|-Vo|/ 


^^y^ 


^ 



















S 80 

! 

U 60 











V± = ±15V 





















































Load Resistance (kO) 



Ambient Temperature (°C) 



6 

5 

< 4 








Su 


pply Current 
















































3 3 




r 


■" 
















1 
5 2 





































































( 


!)ommon Mode Input Voltage Range 






















^ 


\^ 










^ 






















-^ 
































^ 


^ 





±10 
Supply Voltage (V) 



Supply Voltage (V) 
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Operating Characteristics (Cent.) 



Putse Response 



input Noise Voltage Density 







1 




V± = ±15V 






/ 






\ 






/ 






\ 

















> 

c 
a> 
Q 
a> 

S 10 

o 
> 



\ 




Rs=100Q 
Af = 1 Hz 


\ 






\. 


^s^,^^^ 






" ' 











Time 0"s) 

Application Circuit 

Head Phone Amp 



Frequency (Hz) 



+20 V 
Q 



C2 
10)" ZZZ 



51k 
Ri 



Ci 
VinO gi- 



10 k 
Rs 




180 Q 100 /yF 



NEC cannot assume any responsibility for any circuits shown or represent that 
they are free from patent infringement. 



o|R7 



8 n Head Phone 
2.5 mW typical 
maximum power 





Input 


Output 


dBm 


Vrms 


mW 


+6 


1.55 


2.0 





0.775 


0.5 


-6 


0.388 


0.125 



3-100 



NEC 



/yPC4560 



Application Circuit (Cent.) 



Input O VW- 

2.2 k 
R1 



-^ 



C3 C4 

0.0022 /yF 0.01 //F +15 V 

— II— t— II , 9 



R5 
390 k 



-4^+ C2 
^47^F 



^ 
-^ 



C5 

100//F 



777 100 ;«F 



/77 /77 -15 V /77 



Distortion Characteristics 



Output Voltage (Vrms) 



-O Output 



\ 


f = 1 kHz 






\ 








\J 
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//PC4570 

DUAL ULTRA LOW-NOISE, WIDEBAND, 

OPERATIONAL AMPLIFIER 



Description 

The /yPC4570 is an ultralow-noise, wideband, liigh 
slew-rate, dual operational amplifier. Input equivalent 
noise is three times better than the conventional 4558 
type op-amp. The gain bandwidth product and the 
slew-rate are seven times better than 4558. In spite of 
fast ac performance, the/iPC4570 is extremely stable 
under voltage-follower circuit conditions. Supply cur- 
rent is also imp.oved compared with conventional 
wideband op-amps. The/uPC4570 is an excellent choice 
for pre-amplifiers and active filters in audio, instru- 
mentation, and communication circuits. 

Features 

n Ultralow noise: en = 4.5 nV/\/Hz 

D High slew-rate: 7 V//ys 

D Wide bandwidth: GBW = 15 MHz at 100 kHz 

D Internal full-frequency compensation 

D NE5532 equivalent 



Pin Configurations 



Ordering Information 




Part 
number 


Package 


Operating 

Temperature 

Range 


A/PC4570C 


Plastic DIP 


-20 to +70 °C 


//PC4570G2 


Plastic Mlnlflat 


-20 to +70 °C 


//PC4570HA 


Plastic SIP 


-20 to +70 °C 



.[7- 



+ Input A [3 
V- [4 



-^T 






3' 
-3' 



3- 

3^ 










v+[T 







Output A [7 












-Input A [7 


1 








+lnput A [7 




a\ 1 






v-[[ 






+lnput B [7 
-Input B [7 


1 


B "^ 1 










Output B jT 












V+J7 


//PC4570HA 








83-002822A 
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Equivalent Circuit 

1/2 Circuit 
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Absolute Maximum Ratings 

Ta = 25°C 



Electrical Characteristics 

Ta = 25°C, V± = ±15V 



Voltage Between V+ and V- 


36 V 


Differential Input Voltage 


±30 V 


Power Dissipation, C and HA Packages [Note 1) 


350 mW 


Power Dissipation, G2 Package (Note 2) 


440 mW 


Input Voltage (Note 3) 


±15 V 


Output Short Circuit Duration 


10s 


Operating Temperature Range 


-20 to +70 °C 


Storage Temperature Range 


-55to+125°C 



Notes: 1. Thermal derating factor is 5 mW/°C when ambient 
temperature is higher than 55°C. 

2. Thermal derating factor Is 4.4 mW/°C when ambient 
temperature is higher than 25 °C. 

3. For supply voltages less than ±15 V, theabsolute maximum 
input voltage is equal to supply voltages. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


IMax. 


Conditions 


Input offset voltage 


V|o 




0.3 


5 


mV 


Rs = 50 Q 


Input offset current 


■io 




10 


200 


nA 




Input bias current 


■b 




500 


1000 


nA 




Large signal 
voltage gain 


AvOL 


90 


110 




dB 


Rl = 2 kO 
Vo = ±10V 


Supply current 


Ice 




5 


8 


mA 




Common mode 
rejection ratio 


CMRR 


80 


100 




dB 




Supply voltage 
rejection ratio 


SVRR 


80 


100 




dB 




Output voltage 
swing 


Vom 


±12 ±13.5 




V 


RL>10kO 


Output voltage 
swing 


Vom 


±12 ±12.8 




V 


RL>2kQ 


Common mode 
voltage 


Vicm 


±10 


±14 




V 




Slew rate 


SR 


57 




V///S Rl = 2 kQ 


Gain bandwidth 


GBW 


10 


15 




IVIHz 




Power bandwidth 


PBW 


50 


70 




kHz 


Vo = 27 Vp.p, 
THD<1% 


Unity gain 
frequency 


^unity 




9 




MHz 




Phase margin 






60 




° 




Total harmonic 
distortion 


THD 




0.002 




% 


2 to 20 kHz 


Channel separation 


CS 




120 




dB 


f = 20 Hz 
to 20 kHz 


Input RMS noise 






1.2 




/^Vrms 


RIAA 


voltage 






0.5 


0.65 


/^Vrms 


Flat + JISA 


Input noise voltage 


en 




4.5 




nV/x/Hz 


f = 1 kHz 


Input noise current 


in 




0.7 




pA/^/Hz' f = 1 kHz 
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Operating Characteristics 

Ta = 25°C 



Input Noise vs Frequency Characteristics 



Phase Gain vs Frequency 



S* 



























Rl = 


lOkfi 


--•.^^OL 
























CL = OpF 


<P 










































^ 






b 


; 








■». 








































































^ 


^ 


^ 




^ 




































** 









































































































Gain, Phase vs Frequency 



Voltage Follower Pulse Response 

























Rl = 


10 kn 




AVO 




















■■ 


Cl = 220 pF 




<P 


^^ 


































- 








^ 










































^^ 


h- 


h- 




- 


« 




180 






















f^ 


^ 


s^ 




































^ 


** 


*», 






































































< 


































t 



















V± = 
Rl = 


tisv 

2kQ 
















Cl = 47 pF 
Slew Rate = 7 V/yus 








1 






\ 












/ 








\ 












/ 








\ 












/ 










\ 















































2 4 6 8 10 12 

Time (yus) 
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//PC324 

QUAD LOW-POWER 

OPERATIONAL AMPLIFIER 



Description 

The /yPC324 is a quad operational amplifier designed 
to operate from either single or split power supplies, 
with very low current drain. The input common mode 
voltage of these amplifiers includes ground and they 
are internally frequency compensated for unity gain 
stability. 

Features 

n Internal frequency compensation 

n Large output voltage swing: V to V+ - 1 .5 V DC 

D Input common mode voltage range includes 

ground 
D Wide power supply range: 

Single supply 3 V to 30 V DC 

Dual supplies ±1.5 V to ±15 V DC 
D LM324 direct replacement 



Ordering information 




Part 

Number Package 


Operating 

Temperature 

Range 


)uPC324C Plastic DIP 


0°to+70°C 


/yPC324G2 Plastic Miniflat 


0'>to+70<'C 



Pin Configuration 











Output A jT 


V_y 


1^ Output D 










- Input A [I 


— 


^ 




Lrti 


— 


13| - Input D 


+ Input A [7 —1 


1=^ ^ 


L i^ + Input D 


V+ [7 




/iPC324C/G2 


1l] GND (V-) 


+ Input B [7 


— 


F>i^ 


— 


1^ + Input C 


- Input B [e -I 


V^ 




^ 


L 7| - Input C 


Output B |7 










I] Output C 
















83-002213A 




Equivalent Circuit 

t/4 C'lrcuW 



2,6,9,13 
-Input 



3,5,10,12 
O 




%' 



Hh 



"p-MC"' 



— • •■ 



(jr)6/^A 



< 



(^r)ioo/iA 



3 



\ 



lJo. 



|rsc 



1, 7, 8, 14 
-O 



(jr) 50/;A 



11 d GND (V-) 
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Absolute Maximum Ratings 

Ta = 25°C, V± = ±5V 



Voltage Between V+ and V- 








32 V 


Oifferential Input Voltage 








32 V 


Input Voltage 










-0.3 to +32 V 


Power Dissipation, C Pacicage 








570 mW 


Power Dissipation, G Pacicage 








550 mW 


Operating Temperature Range, C o 


r G Package 




Oto+70°C 


Storage Temperature Range, C or G Package 




-55to+125°C 


Electrical Characteristics 

Ta = 25°C, V± = +5V 




Symbot 




Limit 




Test 


Parameter 


Min. 


Typ. 


Max. 


Unit Conditions 


Input Offset Voltage 


V|o 




2 


7 


mV Rs = OQ 


Input Bias Current 


lb 




45 


250 


nA 


Input Offset Current 


ijo 




5 


50 


nA 


Common Mode Input 
Voltage Range 


Vjcm 







V+ 
-1.5 


V 


Supply Current 


Ice 




0.8 


2 


mA RL = -on 
""* all op-amps 


Large Signal Voltage 
Gain 


AUOL 


88 


100 




dB RL>2kfi 


Output Voltage Swing 


VOM 







V+ 
-1.5 


^ RL-2kQ 


Common Mode 
Rejection Ratio 


CMRR 


65 


85 




dB 


Supply Voltage 
Rejection Ratio 


SVRR 


65 


10 




dB 


Channel Separation 


CS 




120 




rtn f = 1 kHz to 
^^ 20 kHz 


Output Current 
(Source) 


loSOURCE 


20 


40 




""* -Input-OV 


Output Current (Sink) 


Iqsink 


10 


20 




. - Input = IV. 
""* + Input = 0V 


Output Current (Sink) 


Iqsink 


12 


50 




_,. - Input = 1 V. 
+ lnput = OV 



Operating Characteristics 

Ta = 25°C 

Supply Current 







"?, 














.A{^ 


Jj.cc 










_I\ 














r>r^ 










/h rh 




Ta — C 


i«7nor 














-r:^ 












r:^ 


-^.= 


= -20°C 





















Supply Voltage (V) 



Input Bias Current 































































^ 












^ 


^ 














Ta = + 


!5°C 







































Supply Voltage (V) 



Voltage Gain 



























F 


\\. = 20 kf 


) 




^ 




^■^ 






















=?L = 2 kf 







































































20 
Supply Voltage (V) 
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Operating Characteristics (Cont.) 

Ta = 25°C 



Current Limiting 









o 




V 


\^. 








\>^ " 


---- 
















■-- 


^ 



Ambient Temperature (°C) 



Open Loop Frequency Response 




Common Mode Rejection Ratic 


> 










■ " 









































10 k 
Frequency (Hz) 








Large Signal Frequency Response 














100 k 


'£ 15 










+15 V 



Vo 
— O 








\ 




1 k 




t> 








1 






\ 






X iz. 






^ 


\I X ^ 


O 5 








X 




















\ 


S^ 





















V 


X 







5 10 k 3 5 100 k 

Frequency (Hz) 



3 5 1 M 



4 


Voltage Follower Large Signal Pulse Response 














Rl > 2 kO 
V+ = 15V 


2 

5- -J 




/ 






\ 










/ 






\ 








o 




/ 






N 


^^ 
















3 




; ^ 


f ' 


' i 


:= 




' ^ 


' ^' 


f 


















1 


















i ' 


















n 
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//PC3403 

QUAD HIGH-PERFORMANCE 

OPERATIONAL AMPLIFIER 



Description 

TheyuPC3403 quad operational amplifier is designed 
with four independent high gain frequency compensat- 
ed operational amplifiers. Featuring operations from 
either single or split power supplies from 3 V to ±18 V. 
The common mode input range includes the negative 
supply which eliminates the need for external biasing 
circuitry in most applications. 

Features 

D Inputcommonmodevoltage range includes ground 

or negative supply 
D Output voltage can swing to ground or negative 

supply 
D Wide power supply range: 
Single supply of 3.0 to 36 V 
Split supplies of ±1.5 to 18 V 
D Class AB output stage for minimal crossover 

distortion 
D Short-circuit protected outputs 
D MC3403 direct replacement 



Pin Configuration 



Output A IT 
- Input A [7 
+ Input A [7 



^^ 



V+[4 
— Input B 5 
+ Input B [I 
Output B [7 



TIT 



^i 



1« Output D 
iil - Input D 
l3 + Input D 



>1 



q. 



Ill GND (V-) 
1^ + Input C 
9j - Input C 



"bI Output C 




Equivalent Circuit 



1/4 Circuit 



+ Input 
O 



-Kq3 



■> 




"^ShH 



i 



=, ^ 



Q8>-l 



3: 



-K 



-K°' 




>^ 



Q28 



Rs 
2.4 KQ 



Output 



GND(V- 
— O 
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Absolute Maximum Ratings 



Voltage Between V+ and V- 


36 V 


Differential Input Voltage 


±36 V 


Input Voltage (Note 1) 


±18 V 


Power Dissipation, C Package 


570 mW 


Power Dissipation, G2 Package 


550 mW 


Operating Temperature Range 


Oto+yO'-C 


Storage Temperature Range 


-55to+125°C 



Ordering information 




Part 
Number 


Package 


Operating 

Temperature 

Range 


//PC3403C 


Plastic DIP 


O°Ct0+70°C 


yuPC3403G2 


Plastic Miniflat 


0°Cto+70°C 



Note: 1. The absolute maximum input voltage is equal to the supply 
voltage. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Electrical Characteristics 

Ta = 25°C,V± = ±15V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset Voltage 


V|0 




2.0 


7.0 


mV 


V+ = +5V.V- = GND 


Input Offset Current 


liO 




5 


50 


nA 


V+-+5V.V- = GND 


Input Bias Current 


lb 




45 


250 


nA 


V+ = +5 V. V- - GND 


Large Signal Voltage Gain 


AVOL 


86 


98 




dS 


Vo = ±10V,RL = 2kO 


86 


98 




dB 


V+ = +5V.V- = GND.RL = 2l(fi 


Input Voltage Range 


Vicm 


+13 to 
-15 


+13.5 to 
-15 




V 




Common Mode Rejection Ratio 


CMRR 


70 


90 




dB 




Supply Voltage Rejection Ratio 


SVRR 




89 


103 


dB 










103 


dB 


V+ = +5 V. V- = GND 


Supply Current 


Ice 




2.8 


7.0 


mA 


Vo = 0. Rl = ^, all channels 






2.5 


7.0 


mA 


V+ = +5 V, V- = GND, all channels 


Output Short Circuit Current 
(see Note) 


•OSHORT 


±10 


±20 


±45 


mA 






VOM 


±12 


±13.5 






RL = 10kO 


Output Voltage Swing 


±10 


±13 




V 


Rl = 2.0 kO 




V+-1.7 


V+-1.5 




V 


RL = 10kO,5V<V+<30V,V- = GND 


Channel Separation 


CS 




120 




dB 


f = 1 kHz to 20 kHz 



Note: Do not exceed the maximum power dissipation rating. 
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Operating Characteristics 

Ta = 25°C 



Open Loop Frequency Response 










Output Swing 


































y 


' 


'S 

t. 










y 


y 












y 


y 






1 






y 


^ 












y 


/^ 












y 


/^ 



















Power Bandwidth 








































\ 








10 






\ 












\ 


\^ 














\ 







10 k 100 k 

Frequency (Hz) 








input Bias Current 
















































" 




. 







































±10 
Supply Voltage (V) 



20 40 

Temperature (°C) 









input Bias Current 






















? m 
















1 
















1 

1 oo 
















I ^° 

































±10 
Supply Voltage (V) 
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//PC4064 

QUAD J-FET INPUT LOW-POWER 

OPERATIONAL AMPLIFIER 



Description 

The yLfPC4064 is a low power J-FET input quad oper- 
ational amplifier that will operate at voltage levels as 
low as ±2.0 V. Input current is typically less than 1 mA. 
With input bias and offset currents as low as a few pA, 
the yuPC4064 is an excellent choice for hand-held 
measurement equipment. 

Features 

D Low supply current 

D Very low input bias and offset currents 

D High slew rate 

D High input impedance 

D Output short circuit protection 

D Internal frequency compensation 

D TL064 direct replacement 



Pin Configuration 



Ordering Information 




Part 
Number 


Package 


Operating 

Temperature 

Range 


A(PC4064C 


14-pin plastic DIP 


-20 to +70 °C 


//PC4064G2 


14-plnMlniflat 


-20 to +70 °C 




Equivalent Circuit 

1/4 Circuit 



llO — Hqi 



ffi 



' i — CTi"" 



I i II. 




-> 



5 



1 T 
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Absolute Maximum Ratings 

Ta-25°C 




Supply Voltage Differential 


36 V 


Power Dissipation, C Pacloge (Note 1) 


570 mW 


Power Dissipation, G2 Pacicage (Note 2) 


550 mW 


Differential Input Voltage (Note 3) 


±30 V 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


-20 to 70 °C 



Recommended Operating Conditions 



Note: 

1. Derateat 8 mW/°C whenTA>25°C. 

2. Derate at 5.5 mW/°C when Ta> 25 °C. 

3. For supply voltage less than ±15 V, the absolute nnaxinnum input 
voltage is equal to the supply voltage. 





Symbol 


Limits 




Parameter 


IVIin Typ Max 


Unit 


Supply Voltage 


VSUPP 


±2 ±16 


V 


Output Current 


■o 


5 


mA 


Load Capacitance 


Cl 


220 


PF 



Electrical Characteristics 

Ta = +25°C.Vsupp = +15V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input Offset Voltage 


Vio 




2 


10 


mV 


Rs = 50O 


Input Offset Voltage 


Vio 






15 


mV 


Rs = 50 0.Tfl = Topt 


Input Offset Voltage Drift 


AVjo/AT 




10 




A(V/°C 


Rs = 50fi,TA = Topt 


input Offset Current 


■io 




5 


50 


pA 




Input Offset Current 


■io 






1.5 


nA 


TA^Topt 


Input Bias Current 


lb 




10 


100 


pA 




Input Bias Current 


lb 






3 


nA 


TA^Topt 


Large Signal Voltage Gain 


AVOL 


70 


76 




dB 


Rl=10k,Vo = 10V 


Supply Current 


•SUPP 




800 


1000 


//A 




Common Mode Rejection Ratio 


CMRR 


70 


95 




dB 




Power Supply Rejection Ratio 


PSRR 


70 


95 




dB 




Output Voltage Swing 


±Vo 


±12 


±14 




V 


R1 = 10k 


Common Mode Input Voltage 


Vcm 


±12 


+15 
-13 




V 




Output Current 


Io 


5 






mA 


±Vo = ±10V 


-3.5 






Slew Rate 


SR 




3 




V//iS 


Rl = 10k 


Input Noise Voltage 


en 




30 




nV/VHz 


f = 1kHz 


Gain Bandwidth Product 


GBW 




1 




MHz 




Channel Separation 


CS 




120 




dB 


f - 1 to 20 kHz 


Electrical Characteristics 

Ta-+25°C,Vsupp = +5V 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Large Signal Voltage Gain 


AVOL 


20 






dB 




Common Mode Rejection Ratio 


CMRR 


70 


90 




dB 




Power Supply Rejection Ratio 


PSRR 


70 


90 




dB 




Output Voltage Swing 


±Vo 


±3.8 


±4.1 




V 


R1 - 10k 


Common Mode Input Voltage 


Vcm 


+4.7 
-2.8 


+5.2 
-3.5 




V 
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//PC4074 

QUAD J-FET INPUT LOW-NOISE 

OPERATIONAL AMPLIFIER 



Description 

The J-FET input operational amplifiers of the/yPC4074 
are designed as low-noise versions of the //PC4084. 
Features of the/iPC4074 include improved input equi- 
valent noise voltage, input offset voltage, and input bias 
current compared to the//PC4084. The//PC4074 is an 
excellent choice for a wide variety of applications, 
including audio preamplifier and active filter circuits. 

Features 



Pin Configuration 



D Low-noise ep = 18 nV/VHz 

D Low-input bias and offset currents 

D Output short-circuit protection 

n High-input impedance: J-FET input stage 

n Internal frequency compensation 

D High slew-rate: 13 V///s typical 

D Latch-free operation 

D TL074 direct replacement 













Output A |T 


V^ 


1^ Output D 










- Input A [2 


— 


r>J 




-^^0 




13] - Input D 




+ Input A [T -1 


\y^ ^ 


L 12] + Input D 




v-E 




/1/PC4074C/G2 


li]GND(V-) 




+ Input B [5 


— 


B^>— I {-^C 




10] + Input C 




- Input B le — 1 






^ 


L T] - input C 




Output B [7 










i] Output C 


3A 
















83-0022 



Equivalent Circuit 



1/4 Circuit 



6, 9, 13 J L 

o — *~jZ Qi ^2 ~j — ^ 



3, 5, 10, 12 
f- Input O 



-KQ6 



03^ 



"KP"' 




1,7,8,14 
— — O Output 



Q16~I 



5[ D2 
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Ordering Information 



Part 

Number Package 


Operating 

Temperature 

Range 


//PC4074C Plastic OIF 


0°to+70°C 


y(/PC4074G2 Plastic MInifiat 


Q°to+70°C 


Absolute iffaximum Ratings 


Voltage Between \l+ and V- 


36 V 


Differential input Voltage 


±30 V 


input Voltage (Note 1) 


±15 V 


Power Dissipation (C Pacl(age) 


350 mW 


Power Dissipation (G2 Paci(age) 


440 mW 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


Oto+70°C 


Storage Temperature Range 


-55to+125°C 



Note: 1. For supply voltages less than ±1 5 V, the absolute maximum 

input voltage is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Recommended Operati 


ng Conditions 






Limits 


Test 


Parameter 


Symbol Min. 


Typ. 


Max. 


Unit Conditions 


Supply 
Voltage 


V± ±5 




±16 


V 


Capacitive 

Load 

(Av = +1) 


cl 




100 


PF 


Output 
Current 


«0 




10 


mA 
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Electrical Characteristics 

Ta = 25°C, V± = ±15V 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 




Conditions 


Input Offset Voltage 


Vio 




3 


10.0 


mV 


Rs<50Q 


Input Offset Current 


■io 




5 


50 


pA 


TA-25°C(Note1) 


Input Bias Current 


lb 




30 


200 


pA 


TA = 25°C[Note1) 


Large Signal Voltage Gain 


AvOL 


88 


106 




dB 


RL>2kQ,Vo-±10V 


Supply Current 


«CC 




8 


10 


mA 


Four amplifiers 


Common Mode Rejection Ratio 


CMRR 


70 


86 




dB 




Supply Voltage Rejection Ratio 


SVRR 


70 


86 




dB 




Output Voltage Swing 


VOM 


±12 


±13.5 




V 


Rl>10I<q 


Output Voltage Swing 


VOM 


±10 


±12 




V 


RL>2kO 


Common Mode Input Voltage Range 


Vicm 


±10 






V 




Slew Rate 


SR 




13 




V///S 


Av = 1 


Input Equivalent Noise Voltage 


en 




18 




nV/>/Hz 


Rs = 100O.f = 1 kHz 




4 




/^Vrms 


Rs-100 0,f = 10HztolOkHz 


Unity Gain Bandwidth 






3 




MHz 




Channel Separation 


CS 




120 




dB 




Over Operating Temperature Range 


Input Offset Voltage 


Vio 






13 


mV 


Rs<50Q.Ta-Topt 


Input Offset Voltage Drift 


AVjo/AT 




10 




/iV/°C 


Ta = ToPT 


Input Bias Current 


lb 






7 


nA 


Ta = Tqpt 


Input Offset Current 


lio 






2 


nA 


Ta = Tqpt 




Note: 1 . Input bias currents are temperature sensitive. Short time measuring metliod is recommended to maintain the junction temperature 
close to the ambient temperature. 
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Operating Characteristics 

Ta = 25°C 



Power Dissipation 



Open Loop Frequency Response 



1000 












600 


C Packa 


ae 
















400 


G2 Pack 


•ge*"^^^ 


^ 

































40 60 

Ambient Temperature (°C) 





u 














^^s. 


Rl = 2 kO 




\ 


\ 










^ 


\, 














\ 


^ 














\ 


















N 



1k 10k 

Frequency (Hz) 



100k 1M 



Large Signal Frequency Response 



Output Voltage Swing 











RL = 10kn 




V± = ±15 V 


















V± = ±10V 














\ 




V+ = ±5 V 







2k 10k 

Frequency (Hz) 



O 10 



RL = iokn 















y^ 




y^ 






y 









±10 
Supply Voltage (V) 



Output Voltage Swing 



Voltage Follower Pulse Response 



V± = ±15V 






' 



























Rl = 2 kfi 






/ 


Output 


\ 


CL = 100pF 
V± = ±15V 




/ 




\ 






















Input 

































Load Resistance (kO) 
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A(PC4084 

QUAD J-FET INPUT 

OPERATIONAL AMPLIFIER 



Description 

The //PC4084 offers four operational amplifiers witli 
matched ion implanted P-channel J-FET inputs with 
standard bipolar technology in a single 14 pin DIP. 
With low input bias current and slew rates ten times 
that of general purpose amplifiers, this device is ideally 
suited for pulse amplifiers, active filters and integrator 
designs. 

Features 

D Wide common-mode and differential input voltage 

range 

D Low input bias and offset currents 

D Output short-circuit protection 

D High input impedance: J-FET input stage 

D Internal frequency compensation 

D High slew-rate: 11 V///s typical 

D Latch-free operation 

D TL084 direct replacement 

Equivalent Circuit 



Pin Configuration 



Output A [T 

- Input A [7 
+ Input A IT 

V+ [7 
+ Input B 17 

- Input B p 
Output B [7 



]^kfC 



■XZT 



T3 Output D 

Ii3 - Input D 
1^ + Input D 






3 ^~ 

l3 + Input C 
71 - Input C 
81 Output C 



1/4 Circuit 



2, 6, 9, 13 
- Input O- 



^' 



3,5,10,12 
+ Input O 



K°« 



< 



f\Q9 



h^ 



>R6 

-I— llj — 






"tCq 




1,7,8, 14 
— ■ — O Output 



16 [■♦ 



3 [Da 
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Electrical Characteristics 

Ta = 25°C,V± = ±15V 








Symbol 


Limits 




Unit 


Test 


Parameter 


Min. Typ. 


Max. 


Conditions 


Input Offset 
Voltage 


Vio 


5.0 


15.0 


mV 


RS < 50O 


Input Offset 
Current 


■io 


5 


200 


pA 




Input Bias 
Current 


■b 


30 


400 


pA 




Large Signal 
Voltage Gain 


AVOL 


88 106 




dB 


Rl > 2 kQ, 
Vo = ±10V 


Supply 
Current 


Ice 


8.0 


11.2 


mA 


All 
amplifiers 


Common 
Mode 
Rejection 
Ratio 


CMRR 


70 76 




dB 




Supply 
Voltage 
Rejection 
Ratio 


SVRR 


70 76 




dB 




Output 
Voltage 
Swing 


VOM 


±12 ±13.5 




V 


RL>10kQ 


Output 
Voltage 
Swing 


VOM 


±10 ±12 




V 


RL>2kQ 



Ordering information 



Common 

Mode 

Input 

Voltage 

Range 



±10 



Slew Rate 


SR 


11 




V///S 


Av=1 


Input 

Equivalent 
Noise 
Voltage 


en 


25 




nV/v^ 


f = 1 kHz, 
RS = 100 


Unity Gain 
Bandwidth 


GBW 


3 




MHz 




Channel 
Separation 


CS 


120 




dB 




Over Operating Temperature Range 


Input Offset 
Voltage 


Vio 




20 


mV 


RS < 50 n, 

Ta = Topi 


Input 
Offset 
Voltage 
Drift 


AVjo/AT 


10 




fj\l/°Z 


Ta = ToPT 


Input Bias 
Current 


lb 




10 


nA 


Ta = Topi 


Input Offset 
Current 


iio 




5 


nA 


Ta = TflPT 



Part 
Number 


Pacl(age 


Operating 

Temperature 

Range 


y[/PC4084C 


Plastic DIP 


0°Cto+70°C 


Absolute Maximum Ratings 


Voltage Between V+ and V- 




36 V 


Power Dissipation (Note 1) 




570 mW 


Differential Input Voltage 




±30 V 


Input Voltage (Note 1) 




±15 V 


Output Short Circuit Duration 




Indefinite 


Operating Temperature Range 




Oto+70°C 


Storage Temperature Range 




-55to+125°C 



Note: 1. For supply voltages less than ±1 5 V, the absolute maximum 

Input voltage is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 
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Operating Characteristics 

Ta = 25°C 







Open Loop Frequency Response 
















V± = ±15V 
Rl = 2 kO 


100 




"\ 


I c. 




\ 


V 














\ 


V 
















\ 


V 
















N 


\^ 

















\ 


\ 



Large Signal Frequency Response 



10 100 



1k 10 k 100 k 1 M 10 M 

Frequency (Hz) 











Rl = 10 kQ 




V± = ±15V 


^ 










\ 






V± = ±10V 










\ 


\ 




V± = ±5 V 




\ 



100 1 k 



10 k 100 k 1M 10 M 

Frequency (Hz) 



Output Voltage Swing 



Output Voltage Swing 






O 10 



Rl = 10 kfi 






y" 






y 


/^ 






y^ 




y 


1,^ 







±10 
Supply Voltage (V) 



V± = ±15V 


y^ 


^-^ 


—— 




V 















Load Resistance (kQ) 



Voltage Follower Pulse Response 



Input Equivalent Noise Voltage 



3 

t -5 

















/ 


^ Output 


k 


Rl = 2 kO 
Cl = 100pF 
V± = ±15V 






f 

1 




\ 
















; : 






Input 







































V± = ±15V 
RS = 100 































3-123 



//PC4084 



SEC 



Operating Characteristics (Cent.) 

Ta = 25°C 



Input Bias Current 



Supply Current 



u 1-0 











V± = ±15V 










^ 






^^ 










.""^ 







r 1.5 

c 

3 

u 

t 1.0 

a 

3 
V) 

0.5 



Ambient Temperature (°C) 



±10 
Supply Voltage (V) 
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//PC4574 

QUAD ULTRA LOW-NOISE, WIDEBAND, 

OPERATIONAL AMPLIFIER 



Description 

The//PC4574 is an ultra low noise, high slew rate quad 
operational amplifier specifically designed for audio, 
instrumentation, and communication circuits. The low 
noise and high frequency capabilities make it ideal for 
preamps and audio filters for instrumentation and 
professional audio. 

Features 

D Ultra low noise 

D High slew rate 

D Wide bandwidth 

D Internal full frequency compensation 

D Quad equivalent to NE5532 



Ordering information 




Part Number Package 


Operating 

Temperature 

Range 


A/PC4574C 14-pin plastic DIP 


-20 to +80 °C 


//PC4574G2 14-pin plastic minlflat 


-20 to +80 °C 



Pin Configuration 




/7PC4574C/G2 



Equivalent Circuit 

1/4 Circuit 



o-r Qi Q2S-1 



-^ 



08^^:1 — 



-KQ6 




.3^ 



R2< Ci-p R3^ R4.< 



-Tqi 



>1 



R9 I D 2 [ 
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Absolute Maximum Ratings 



Ta = 25°C 




Voltage Between V+ and V- 


36 V 


Power Dissipation, C Package 


570 mW 


Power Dissipation. G2 Pacl(age (Note 1) 


550 mW 


Differentiai Input Voltage (Note 2) 


±30 V 


Output Short Circuit Duration 


10s 


Operating Temperature Range 


-20 to 80 °C 


Storage Temperature Range 


-55to+125°C 



Note: 

1. Derate at 5.5 mW/°C when Ta> 25 °C. 

2. For supply voltages less than ±1 5 V, the absolute maximum Input 
voltage is equal to supply voltage. 



Electrical Characteristics 

Ta+25°C, V± = 15V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Mln 


Typ 


Max 


Conditions 


Input Offset Voltage 


Vio 




0.3 


5 


mV 


Rs = 50 Q 


Input Offset Current 


lio 




10 


200 


nA 




Input Bias Current 


lb 




430 


1000 


nA 




Large Signal Voltage Gain 


AVOL 


90 


110 




dB 


R1=2k.Vo-±10V 


Supply Current 


'supp 




8.5 


12 


mA 




Common Mode Rejection Ratio 


CMRR 


80 


100 




dB 




Power Supply Rejection Ratio 


PSRR 


80 


100 




dB 




Output Voltage Swing 


±Vo 


±12 


±13.5 




V 


R1 > 10k 


Output Voltage Swing 


±Vo 


±10 


±12.8 




V 


R1>2k 


Common IVIode Voltage 


Vcn, 


±10 


±14 




V 




AC and Noise Characteristics 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Slew Rate 


SR 


4 


6 




V///S 


Rl=2k 


Gain Bandwidth Product 


GBW 


10 


14 




MHz 




Power Bandwidth 


PBW 


50 


70 




kHz 


Vo = 27Vp-p,THD<1% 


Unity Gain Frequency 


funity 




7 




MHz 




Phase Margin 






50 




degrees 




Total Harmonic Distortion 


THD 




0.002 




% 


Vo = 3Vrffls.2to20kHz 


Channel Separation 


CS 




120 




dB 


1 = 20 to 20 kHz 


Input Noise Voltage 


en 




1.2 




//Vrms 


RIAA + 30kHzLPF 




0.53 


0.65 


yuVrms 


Flat ±JISARs = 100 


Input Noise Voltage Density 


en 




5.0 




nV/VHz" 


f = 1Hz 


Input Noise Current Density 


in 




0.7 




pA/^/Hz 


f = lHz 
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AfPC4741 

QUAD HIGH-PERFORMANCE 

OPERATIONAL AMPLIFIER 



Description 

The /iPC4741 is a quad operational amplifier designed 
using four independent internally compensated high- 
performance 741-type operational amplifiers. The 
superior AC and DC characteristics of bandwidth, 
slew-rate, and noise make this device ideal for active 
filter and audio amplifier applications. 

Features 

D Internal frequency compensation 

D Output short-circuit protection 

D Large common mode and differential input 

voltage range 

D No latch-up 

D No crossover distortion 

D Wide power supply range: ±2 V to ±20 V 

D HA4741 direct replacement 

Equivalent Circuit 

1/4 Circuit 



Pin Configuration 











Output A IT 
- Input A [F 
+ Input A [I 


K^ 


iij Output D 
i^ - Input D 
1^ + Input D 


_r 


> 






- 


V+ [7 


|iPC4741C/G2 




iUv- 


+ Input B [7 -j_ 
- Input B [7 -J~ 






[^ 


r— idj + Input C 
"~L- 7] - Input C 


Output B [7 










7] Output C 
















83-002236A 



2,6,9,13 
- Input O 



3,5,10,12 
h Input o 



t- 



<- 



-> 




<= 



1,7,8,14 
O Output 
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Absolute Maximum Ratings 

Ta = 25°C 



Voltage between V+ and V- 


40 V 


Power Dissipation C Pacicage 


570 mW 


Power Dissipation G2 Pacicage 


550 mW 


Differential Input Voltage 


±30 V 


Input Voltage (Note 1) 


±15 V 


Output Short Circuit Duration (Note 2) 


indefinite 


Operating Temperature Range 


0to+70°C 


Storage Temperature Range 


-55to+125°C 



Notes: 1. Forsupplyvoltageslessthan±15V,theabsolute maximum 
input voltage is equal to the supply voltage. 
2. Short-circuit to ground on one amplifier only. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Ordering Information 




Part 
Number 


Package 


Operating 

Temperature 

Range 


/yPC4741C 


Plastic DIP 


0°to70°C 


//PC4741G2 


Plastic Miniflat 


0°to70°C 



Electrical Characteristics 

Ta = 25°,V± = ±15V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


IMax. 


Conditions 


Input Offset Voltage 


Vio 




1.0 


5.0 


mV 


RS<100Q 


Input Offset Current 


lio 




30 


50 


nA 




Input Bias Current 


lb 




100 


300 


nA 




Large Signal Voltage Gain 


AVOL 


88 


94 




dB 


RL>2kO,Vo = ±10V 


Power Consumption 


pd 




150 


210 


mW 




Common (Mode Rejection Ratio 


CMRR 


80 


90 




dB 




Supply Voltage Rejection Ratio 


SVRR 




94 


100 


dB 




Output Voltage Swing 


VOM 


±12 


±13.7 




V 


RL>10kO 


Output Voltage Swing 


VOM 


±10 


±12.5 




V 


RL > 2 kO 


Common IVIode Input Voltage 


Vicm 


±12 


±14 




V 




Slew Rate 


SR 




1.6 




V///S 


Av=1 


Input Noise Voltage 


en 




9 




nV/v^ 


f = 1 kHz 


Channel Separation 


cs 




108 




dB 


f = 10kHz 
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Operating Characteristics 

Ta = 25°C 



Open Loop Frequency Response 



Large Signal Frequency Response 













v+ = 

R. — 


±15 V 
3 tn 












Cl = 50 pF 












\, 














s 


































\ 



10 100 Ik 10 k 100 k 1 M 10 M 

Frequency (Hz) 















V± = ±15V 


\ 






\ 


V 






V± = ±10V 


\ 








^ 






V± = ±5 V 


> 



10 k 100 k 1M 10 M 

Frequency (Hz) 



Output Voltage Swing 



Output Voltage Swing 




±10 
Supply Voltage (V) 




Load Resistance (kQ) 



Pulse Response 













/ 


Output 


\ RL2kO 
\ Cl = 50 pF 
\ V± = ±15V 




/ 




\ 








' ; 






Input 























Channel Separation 








^ 














^\ 











Frequency (Hz) 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Input Noise Voltage Density 



Supply Current 



















































Rl^o^ 



±10 
Supply Voltage (V) 



3-130 



MEC 



DEFINITION OF TERMS 



Input Offset Voltage: The input voltage required to zero 
the output with no load. 

Input Bias Current: The base current of the input 
transistors or the gate leakage current of input J-FETS 
when the output is at zero volts with no load. 

Input Offset Current: The difference between the two 
input bias currents when the output is at zero volts 
with no load. 

Average Input Offset Voltage Drift: The ratio of the 
change in input offset voltage to the change in 
temperature. 

Average Input Bias Current Drift: The ratio of the 
change in input bias current to the change in tem- 
perature. 

Average Input Offset Current Drift: The ratio of the 
change in input offset current to the change in 
temperature. 

Large Signal Voltage Gain: The ratio of the change in 
output voltage to the change in input voltage. 

Common IVIode Rejection Ratio [CMRR]: The ratio of 
the change in input offset voltage to the change in 
common mode voltage. 

Supply Voltage Rejection Ratio [SVRR]: The ratio of 
the change in input offset voltage to a change in the 
supply voltage. 



Input Voltage Range: The range of common mode 
voltage to the input terminals within which the device 
will operate linearly. 

Input Resistance: The ratio in small signal input voltage 
change to the change in input current at either input 
terminal with the other input grounded. 

IVIaximum Output Voltage Swing: The peak output 
voltage obtainable without clipping. 

Supply Current: The current consummed by the device 
with the output at zero. 

Input Noise Voltage: The peak to peak noise voltage 
within a specified frequency band. 

Input Noise Voltage Density: The RMS noise voltage in 
a 1 Hz band surrounding a specified value of frequency. 

Input Noise Current: The peak to peak noise current 
within a specified frequency band. 

Input Noise Current Density: The RMS noise voltage in 
a 1 Hz band surrounding a specified value of frequency. 

Slew Rate: The ratio of change in output voltage to the 
minimum time required to effect the change under 
large signal drive conditions. 




3-131 



DEFINITION OF TERMS 



SEC 



3-132 



SEC 



COMPARATORS 




4-A 



COMPARATORS 



SEC 



Section 4 ^ Comparators 

//PC31 1 Single Precision Voltage Comparator 4-1 

//PC319 Dual High-Speed Voltage Comparator 4-7 

//PC339 Quad Low-Power Voltage Comparator 4-13 

//PC393 Dual Low-Power Voltage Comparator 4-17 

Definition of Terms 4-21 
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//PC31 1 

SINGLE PRECISION 

VOLTAGE COMPARATOR 



Description 

The//PC31 1 is a single voltage comparator with extreme- 
ly low input bias currents. This device can be operated 
with single or split power supplies from +5 V to ±15 V. 
The output is compatible to DTL, TTL, and CMOS 
circuits. 

Features 

D Operates from single 5 V supply 
n Maximum input current: 250 nA 
D Maximum offset current: 50 nA 
D Fast transient response: 200 ns 
D LM311 direct replacement 



Pin Configuration 











GND 1 
+ Input 2 
-Input [7 


• 


^^ 




8 V+ 

7 Output 

6 Balance/Strobe 






J]> 












^PC311C/yuPC311G2 






V- 4 






5 Balance 








83-00231 9A 



Equivalent Circuit 



5 Ri 

300 



Balance/ 
Strobe 



R2 
300 



R3 
1.3 k 



R4 
1.3 k 




>-^ 



\ 



Rs < Rio 

800 > 800 



1 



R12 
3.0 k 




.^7 



Q2 

b 



QlO 



^™i 



250 



H^ 



ADi 



Rl6 

5.4 k 



R15 

1.3 k 



>-Rl4 

> 1.3 k 



;ri7 

> 800 



SRi8 
>5.4k 



JL °2 



Rl9 



> 



1 oJ [ I 
K 5R20 

h^ >5.0 



Output 



R21 
200 



> 



600 



R22 ■« 
600^ 



4-1 



//PC311 



NEC 



Absolute Maximum Ratings 

Ta = 25°C 



Voltage Between V+ and V- 




36 V 


Output to Negative Supply Voltage 




40 V 


Ground to Negative Supply Voltage 




30 V 


Differential Input Voltage 




±30 V 


Input Voltage (Note 1) 




±15 V 


Power Dissipation, C Package 




350 mW 


Power Dissipation, G2 Package 




440 mW 


Output Stiort Circuit Duration 




10s 


Operating Temperature Range, C or 


62 Package 


0to+70°C 


Storage Temperature Range, C or G2 Package 


-55 to +125° C 



Note: 1 . For supply voltages less than ±15 V, the absolute maximum 
input voltage is equal to the supply voltage. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Ordering information 




Part 

Number Package 


Operatmg 

Temperature 

Range 


//PC311C Plastic DIP 


0°Cto+70°C 


//PC311G2 Plastic Minlflat 


0°Cto+70°C 



Eiectrical Cfiaracteristics 

Ta^25°C, V+ = ±15V 







Limits 




Unit 


Test 


Parameter 


Symbol 1 


Min. Typ. 


IMax. 


Conditions 


Input Offset Voltage 


Vio 


2.0 


7.5 


mV 


V+-V--5Vto30V,Rs<50kQ 


Input Offset Current 


■io 


6.0 


50 


nA 


V+-V- = 5Vto30V.Rs<50kn 


Input Bias Current 


ib 


100 


250 


nA 


V+-V- = 5Vto30V,Rs<50kO 


Voltage Gain 


AvOL 


106 




dB 


RL-1.0kO 


Response Time 


tRSP 


200 




ns 


Input step 100 mV, overdrive 5 mV 


Saturation Voltage 


VSAT 


0.75 


1.5 


V 


V|N>10mV,lo = 50mA 


Strobe ON Current 


'STBON 


3.0 




mA 




Output Leakage Current 


■OLEAK 


0.2 


50 


nA 


V|N>10mV.lo-35mA 


Positive Supply Current 


icc+ 


5.1 


7.5 


mA 




Negative Supply Current 


icc- 


4.1 


5.0 


mA 




Input Voltage Range 


V|cm 


±14 




V 




Saturation Voltage 


VsAT 


0.23 


0.4 


V 


V+ > 4.5 V. V- = V. V|N < -1 mV, Iq = 8 mA 


Over Operating Temperature Range 


Input Offset Voltage 


V|o 




10 


mV 


V+-V- = 5Vto30V,Rs<50kO.TA = Oto70<'C 


Input Offset Current 


■io 




70 


nA 


V+-V- = 5Vto30V,Rs<50kO,TA = Oto70''C 


Input Bias Current 


ib 




300 


nA 


V+-V- = 5Vto30V,Rs<50kO,TA = Oto70°C 
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Typical Applications 

Offset Null 



Open Collector Output 
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Operating Characteristics 

Ta = 25°C 



Input Bias Current 



Input Offset Current 

















±15V — 


■-- — 


..^^ 




















.- 


Pins 5, 


> and 8 S( 


lorted 
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Pins 5, 6 and 8 Shorted 
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Ambient Temperature (°C) 
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Input Characteristics 
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v± 


= ±15V 
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Input Resistance (ItQ) 



Differential Input Voltage (V) 



Common Mode Limits 



Transfer Function 
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Supply \ 


:edto 
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Ambient Temperature (°C) 
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r 


Norma 
Rl = 1 
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Output 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Response Time for Various Input Overdrives 



Response Time for Various Input Overdrives 





















20mVx 


^ 


/7 


H 
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^y 


// 
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V± = ±5V 
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Time {n%) 
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Response Time for Various Input Overdrives 



Response Time for Various Input Overdrives 
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V± = ±5 V 
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Output Saturation Voltage 
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Output Limiting Characteristics 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Synniv Currsnt 



^ 2 















Output 

/i 


Supply 




^ 














-"^ 
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Output Hig 
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supply Current 
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Positive Supply 
Output Low 




2 
n 








^ '^ 




Positive and 















Output High 





10 15 20 25 

Supply Voltage (V) 



10 20 30 40 50 60 

Ambient Temperature (°C) 



Leakage Currents 




45 55 

Ambient Temperature (°C) 



4-6 



NEC 

NEC Electronics Inc. 



/yPC319 

DUAL HIGH-SPEED 

VOLTAGE COMPARATOR 



Description 

The //PC319 is a precision high-speed comparator 
designed to operate from single or split power supplies 
from +5 V to ±15 V. It features excellent input charac- 
teristics and drive compatibilities to all popular logic 
families. The |JPC3^9 is designed for commercial 
temperature ranges. 

Features 

D Operates from single 5 V supply 

D Typically 80 ns response time at ±15 V 

D Open collector output 

D Minimum fan-out of two each side (TTL) 

n High common mode slew rate 

D LM319 direct replacement 

Equivalent Circuit 

1/2 Circuit 



Pin Configuration 






gnd|T 

+ Input A IT 
- Input A U 

Output B [7 



\Z^ 



//PC319C///PC319G2 



E^ 



14] NC 

13] NC 

12] Output A 

11] V+ 

10] - Input B 

T] + Input B 

"sIgnd 



; R2 < R3 



5,10 

O 

-Input 

4,9 



< 



<- 



<°' 



Note: 

Pins 1,2,13,14 

No Connection 



<"' 



< 



<- 



► R4 5 R5 



L3 



t R10 5 R11 



I"' 



► R22 > R20 > R18 



R23 
-VA- 



-> 



>- f 




< 




O 

Output 



>H 



8 

o 

GND 

83-002340A 
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Absolute Maximum Ratings 

Ta = 25°C 



Voltage Between V+ and V- 


36 V 


Output in Negative Supply Voltage 


36 y 


Ground to Negative Supply Voltage 


25 V 


Ground to Positive Supply Voltage 


18V 


Differential Input Voltage 


±5V 


Input Voltage (Note 1) 


±15 V 


Power Dissipation, C Package 


500 mW 


Power Dissipation, G2 Pacl(age 


550 mW 


Output Short Circuit Duration 


IDs 


Operating Temperature Range, C or G2 Package 


0to+70°C 


Storage Temperature Range, C or G2 Package 


-55to+125°C 



Ordering information 




Part 
Number 


Package 


Temperature 
Range 


//PC319C 


Plastic DIP 


nontn+?noG 


//PC319G2 


Plastic Miniflat 


0°Cto+70°C 



Note: 1. For supply voltages less than ±1 5 V, the absolute maximum 
input voltage is equal to the supply voltage. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Electrical Characteristics 

Ta=25°C, V± = ±15V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Mlax. 


Conditions 


Input Offset Voltage 


Vio 




2.0 


8.0 


mV 


V± = ±5Vto±15V,Rs<50fi 


Input Offset Current 


lio 




80 


200 


nA 




input Bias Current 


lb 




400 


1000 


nA 




Voltage Gain 


AVOL 


78 


92 




dB 




Response Time 


MSP 




80 




ns 


Input 100 mV, overdrive 5 mV 


Saturation Voltage 


VSAT 




0.75 


1.5 


V 


V|<-10mVJo = 25mA 


Output Leakage Current 


lOLEAK 




0.2 


10 


y"A 


V|>10mV.lo = 35mA 


Positive Supply Current 


icc+ 




4.3 




mA 


V+ = +5V,V- = 0V 


Positive Supply Current 


icc+ 




8.0 


12.5 


mA 


V± = ±15V 


Positive Supply Current 


'cc+ 




3.0 


5.0 


mA 


V± = +5 V 


Input Voltage Range 


Vicm 




±13 




V 


V± = ±15V 


Saturation Voltage 


VSAT 




0.23 


0.4 


V 


V+ > 4.5 V, V- = O.V. V| < -10 mV, Iq = 3.2 mA 


Over Operating Temperature Range 


Input Offset Voltage 


Vio 






10 


mV 


V± = ±5Vto±15V.Rs<5kO,TA = Oto+70°C 


Input Offset Current 


iio 






300 


nA 


V± = ±5 V to ±15 V. Rs < 5 kO. Ta = to +70°C 


Input Bias Current 


lb 






1200 


nA 


V± = ±5Vto±15V.Rs<5kO,TA = Oto+70°C 
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Typical Applications 

Split Supplies 



V+(<18V) Vrl(<36V + V-) 
O 




V-(>-25V) 



V- (> -25 V) 6 



Single Supply 



V+(<18V) Vrl(<36V) 
Q 




mm 



Operating Characteristics 

Ta = 25°C 

Input Currents 
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Transfer Function 
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/ 
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Operating Characteristics (Cent.) 

Response Time for Various Input Overdrives 



I 




Response Time for Various Input Overdrives 
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Operating Characteristics (Cent.) 

Ta = 25°C 

Supply Current 
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fjPC339 

QUAD LOW-POWER 

VOLTAGE COMPARATOR 



Description 

The/yPC339 is a quad comparator designed to operate 
from a single or split power supply over a wide range of 
voltages, with very low current consumption. Even 
when operating from a single power supply the input 
common mode voltage includes ground. 

Features 

D Input common-mode voltage range includes ground 
D Wide power supply range: 

Single supply 2 V to 36 V DC 

Dual supplies ±1 V to ±18 V DC 
D Low power consumption 
D Compatible with all forms of logic 
D Open collector output 
D LM339 direct replacement 



Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


/iPC339C Plastic DIP 


0<'CtO+70°C 


ArPC339G2 Plastic Miniflat 


0°Cto+70<'C 



Pin Configuration 




A(PC339C/A'PC339G2 




Equivalent Circuit 

1/4 Circuit 



+ Input O— — — IT Qi 




(b* 



°\>—\ 



Y^' 



(plOO/iA 




<- 



rti rh 
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Absolute Maximum Ratings 

Ta = 25°C 



Voltage Between V^ and V- 




36 V 


Differential tnput Voltage 




36 V 


Common Mode Input Voltage 




-0.3 to 4-36 V 


Power Dissipation, C Package 




570 mW 


Power Dissipation, G2 Package 




550 mW 


Output Short Circuit to Ground 




Indefinite 


Operating Temperature Range, C 


or G2 Package 


0to+70°C 


Storage Temperature Range. C or 


G2 Package 


-55to+125°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to tiie device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Electrical Characteristics 

Ta = 25°C, V+ = 5V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Offset Voltage 


Vio 




2 


5 


mV 


Vo = 1.4 V, Vref- 1.4 V. Rs = OQ 


Input Bias Current 


lb 




25 


250 


nA 


V0-1.4V 


Input Offset Current 


lio 




5 


50 


nA 


Vo«1.4V 


Common IVIode input Voltage Range 


Vicm 







V+-1.5 


V 




Supply Current 


Ice 




0.8 


2 


mA 


R|_ = oo 


Voltage Gain 


AVOL 




106 




dB 


RL = 15kn 


Large Signal Response Time 


tRSP 




1.3 




fjS 


RL5.1kO,VBL = 5V 


Output Sink Current 


Iqsink 


6 


16 




mA 


V|nH==1V.V|n(+) = OV,Vo<1.5V 


Saturation Voltage 


VSAT 




0.2 


0.4 


V 


V|NH = 1V.V,N(+)-OV,losiNK = 3mA 


Output Leakage Current 


lOLEAK 




0.1 




nA 


V|n(+) = 1V.V|nH-OV,Vo = 5V 



Typical Applications 



J 



v+ 
p 



4,6,8,10 K,3 ^^^ 

ViN O +\^ I 

5,6,9.11 339>--M> Output 

J-u..„ ^T2 13,14 



Vref 

Vref = to v+- 1.5V 



VinO- 



"Rl 



Vref 







\ Rl + R2/ 



Vhys =( - . - I V+ 
Vref = to V+- 1.5V 
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Operating Characteristics 

Ta = 25°C 



Supply Current 



Input Bias Current 
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Ta = o°c 
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Output Saturation Voltage 



Response Time for Various Input Overdrives 



S 0., 















X 


w 


Ta=70°C 


y 


^ 




^ 


Ta = 25°C 

k 

Ta = o°C 

















1 1 
5 mV Input Overdrive 


+5V 
p 








^ 


\ 'I 




/ ' ' 














1 








20mV- 


V- 








VinO- 


1^^ 


>s,. 
















^>^-" 




1 


)OmV~- 


\ 








' m 


t^ 












\ 








m 
































Ta = 


J5°C 


























































^ 



Output Sink Current (mA) 



0.5 1.0 1.5 

Time O^s) 




Response Time for Various Input Overdrives 




4-15 



//PC339 



SEC 



4-16 



SEC 

NEC Electronics Inc. 



//PC393 

DUAL LOW-POWER 

VOLTAGE COMPARATOR 



Description 

The //PC393 is a dual comparator designed to operate 
from either single or split power supplies from + 2 V to 
±18 V. It features low power supply current drain and 
input common mode voltage which includes ground, 
even when operated from a single supply. The//PC393 
is designed for Commercial temperature ranges. 

Features 

D Input common-mode voltage range includes ground 
D Wide power supply range: 

Single supply 2 V to 36 V DC 

Dual supplies ±1 V to ±18 V DC 
D Low power consumption 
D Compatible with all forms of logic 
D Open collector output 
D LM393 direct replacement 

Equivalent Circuit 

1/2 Circuit 



Pin Configuration 









Output A 1 
- Input A 2 
+ Input A 3 
GND(V-) 4 


. V^ 


8 V+ 

7 Outputs 
6 -Inputs 
7| + Input B 


~ / 






^ 


+\ 


/b\ 




^PC393C///PC393G2 






83-002359A 



O 100 A/A 



(piooM 



r-^i"' h—i 



Input <>^^^ 1^ Qi 




<"■ 



r^' 



/v7 rh 
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Absolute Maximum Ratings 

Ta = 25°C 



Voltage Between rand V- 




36 V 


Differential Input Voltage 




36 V 


Common Mode Input Voltage 




-0.3 to +36 V 


Power Dissipation, C Package 




350 mW 


Power Dissipation, G2 Package 




440 mW 


Output Sliort Circuit to Ground 




Indefinite 


Operating Temperature Range, C 


or G2 Package 


to +70°C 


Storage Temperature Range. C or 


G2 Package 


-55to+125°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Electrical Characteristics 

Ta = 25°C. V+=^5 V 



Ordering information 




Part 

Number Package 


Operating 

Temperature 

Range 


//PC393C Plastic DIP 


0«Cto+70«>C 


/^PC393G2 Plastic MInlflat 


0''Cto+70'>C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


IViax. 


Conditions 


Input Offset Voltage 


V|o 




2 


5 


mV 


Vo = 1.4V.Vref = 1.4V.Rs = 00 


Input Bias Current 


lb 




25 


250 


nA 


Vo = 1.4V 


Input Offset Current 


lio 




5 


50 


nA 


Vo = 1.4V 


Common Mode Input Voltage Range 


Vicm 













Supply Current 


Ice 




0.6 


1 


mA 


Rl==oc 


Voltage Gain 


AVOL 




106 




dB 


RL = 15kO 


Large Signal Response Time 


tRLS 




1.3 




//S 


Rl 5.1 kQ. Vrl = 5 V 


Output Sink Current 


■OSINK 


6 


16 




mA 


- INPUT = 1 V. + INPUT = V. Vq < 1.5 V 


Saturation Voltage 


VSAT 




0.2 


0.4 


V 


- INPUT = 1 V. + INPUT = V. Iqsink = 3 mA 


Output Leakage Current 


'OLEAK 




0.1 




nA 


+ INPUT=1V.-INPUT = 0V.Vo<5V 



Typical Applications 



ViN o- 



3,5 



Vref 




J 



Vref = to V+- 1.5 V 



V+ 
Q 



V|N o- 




1"^ 



VreF-±- 



-^ — O Output 
1.7 



Vhys = 



Ri 



J^ •■■- \Ri + R2, 

Vref = to V+- 1.5 V 



4-18 



NEC 



//PC393 



Operating Characteristics 

Ta = 25°C 



Supply Current 



Input Bias Current 



E 0.8 
I 



Rl = ~ 














Ta = 0°C 








^-^ Ta = 25»C 


_^ 








^^ 


^-^"^^ 




— Ta = 70°C 










^y-"^ 































Ta = O^C 


— 




















Ta = 25°C 














Ta = 70°C 
















Supply Voltage (V) 



Supply Voltage (V) 



Output Saturation Voltage 



Response Time for Various Input Overdrives 



5 















^ 


W 


Ta = 70°C 


^ 


^ 




^ 


Ta = 25°C 
Ta = 0°C 

















1 1 
S mV Input Overdrive 


+5V 

o 










\ ^ 




/ 






















20mV- 


r 








VinO- 


h-^ 


>5.1k 
















^V^Vo 




1 


OmV- 


\ 








' m 


yy^ 












\ 








m 
































Ta = 


5°C 





























































Output Sink Current (mA) 



0.5 1.0 1.5 2.0 

Time (^is) 



Response Time for Various Input Overdrives 






5 





1 1 1 

100 mV Input Overdrive 
















r 


/ 




/ 












/ 


/ 






/ 












h 


Omv/ 




5 


J 




H-S 


V 










/ 






/ 




^ 


) n 




/ 


. K. 


' 








1 


J 






/v,o 


>5.1 k 






























- 


1 








Ta = 2 


re 








rh 


r> 


7 

























0.5 1.0 1.5 2.0 

Time Ous) 
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DEFINITION OF TERMS 



input Offset Voltage: The voltage between the input Input Voltage Range: The range of common mode 

terminals when the output is within a specified voltage voltage at the input terminals within which operating 

range. specifications are assured. 

Input Bias Current: The bias current of the input Output Lealcage Current: The current into the output 

transistors. terminal, at a given output voltage and input drive, 

1 A rstx ^ rs » -ru jxx x • xl. eoual to or greater than a speclfled value. 

Input Offset Current: The difference m current m the ~i » ^ 

two input terminals when the output is at a specified Output Sinit Current: The maximun negative current 

voltage. that can be output by the comparator. 

Voltage Gain: The ratio of the change in output voltage Saturation Voltage: The low output voltage level at a 

to the change in input voltage. specified current "sink" level. 

Common Mode Rejection Ratio [CMRR]: The ratio of Overdrive: The input step voltage required, at some 

the input voltage range to the maximum change in predetermined input level, to change the output state 

input voltage over this range. to high or low from its initial state. 

Supply Voltage Rejection Ratio [SVRR]: The ratio of 
change in input offset voltage to the change in supply 
voltage. 
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VOLTAGE REGULATORS 



SEC 



Section 5 — Voltage Regulators 

//PC305 Precision Positive Voltage Regulator 5-1 

//PC317 Three-Terminal Adjustable Positive Voltage Regulator 5-5 

yuPC337 Three-Terminal Adjustable Negative Voltage Regulator 5-9 

//PC2600 Series Three-Terminal Positive Voltage Regulator 5-13 

yuPC78L00H Series Three-Terminal 0.1 A Positive Voltage Regulators 5-17 

//PC78L00J Series Three-Terminal 0.1 A Positive Voltage Regulators 5-23 

//PC78M00 Series Three-Terminal 0.5 A Positive Voltage Regulators 5-29 

//PC7800 Series Three-Terminal 1 .0 A Positive Voltage Regulators 5-35 

/iPC79L00 Series Three-Terminal 0.1 A Negative Voltage Regulators 5-41 

//PC79M00 Series Three-Terminal 0.5 A Negative Voltage Regulators 5-45 

//PC7900 Series Three-Terminal 1 .OA Negative Voltage Regulators 5-51 
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/yPC305 

PRECISION POSITIVE 

VOLTAGE REGULATOR 



Description 

Theyt/PC305 is a precision adjustable voltage regulator 
designed for a wide range of applications including 
digital and analog circuits. This device features fast 
response to both line and load transients, low standby 
power dissipation, and freedom from oscillation with 
variation in resistive or inductive loading. This device is 
ideal for use in general purpose power supply circuits. 



Pin Configuration 









Current Limit C 

Booster Output C 

Unregulated Input C 

GND C 


1 V_y 8 m Regulated Output 

2 7 H COMP/S.D. 
A(PC305C _ 

3 6 3 Feedback 

4 5 H Reference Bypass 






83-002478A 



Features 

D Output voltage adjustable from 4.5 V to 30 V 

D Output currents in excess of 10 A possible by add- 
ing external transistors 

D Load regulation better than 0.1% full load with current 
limiting 

D DC line regulation guaranteed at 0.03%/V 

D LM305 direct replacement 



Equivalent Circuit 



QisH 



-K^- 



<° 




4.4 S Re 



<^ 



-K°L 



-P^i 5pF 



Unregulated 
Input 



-<- 



Booster 
Output 



-5? 



|r8 



TV 



">h 



_!=> 



Regulated 
Output 



Compensation/ 
Shut Down 



Reference 
Bypass 
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Absolute Maximum Ratings 

Ta = 25°C 



Input Voltage 


40 V 


Input Qutniit unitage niffsrentlal 


40" 


Peak Output Current 


50 mA 


Power Dissipation 


350 mW 


Operating Temperature Range 


to +70°C 


Storage Temperature Range 


-55to+125°C 



Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


//PC305C Plastic DIP 


Oto+70°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Electrical Characteristics 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Input Voltage Range 


V|N 


8.0 




40 


V 




Output Voltage Range 


Vo 


4.5 




30 


V 




Input Output Voltage Differential 




3.0 




30 


V 




Load Regulation 


REGl 




0.02 


0.05 


% 


0<lo<12mA. Rsc = 1B0 


Lin^^ Regulation 


REGiN 




0.025 


0.06 


%/v 


V,N-Vo<5V 






0.015 


0.03 


%/v 


Vm-Vo>5V 


Ripple Rejection 






0.003 




%/v 


CREF=10A/F.f=120Hz 


Temperature Stability 






0.3 


1.0 


% 


0°C<Ta<70°C 


Feedback sense voltage 




1.65 


1.8 


1.90 


V 




Standby Current Drain 






0.005 




% 


10Hz<f<10kHz,CREF = 








0.002 




% 


CreF = 0.1//F 


Long Term Stability 






0.1 




% 




Standby Current Drain 






1.0 


2.0 


mA 


V,N = 40V 



Cref- Bypass capacitor of pin 5. 
RSC- Output current sense resistor. 
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Operating Characteristics 

Ta = 25°C 



Load Regulation 



Load Regulation 






-0.01 












..80°C 




""^ 










^ > 


1 
.Ta = 0°C 


1 






*^ 


■'**-._^ 


<^ 


. -20°C 




1 










n 


^ 


"--Tj 


. 


^ 












^ 


-^ 


"■^- 


1 


















X 


t 

o 




















-0.04 




















Rsc = 

















1 
















' 


"— ^*^ 


'•^-*- 
















^N 




■>s. 














\ 


\ 


s. 












\ 


\ 


V 












\ 


1 


\N 










BOoc/^\ 


/ 


\\: 


V 








Ta = 25°C ^ 




Vx 


\ 








0°C^ 


^^ 


\ 


\ 




Rsc = 


13 O 


to' c ^ 


' 


\ 


\ 




1 


1 




' 


\ 





Load Current (mA) 



Load Current (mA) 



Current Limiting Characteristic 



Optimum Divider Resistance Values 





























\ 


^ 


y 




















Y 


r^ 


l=25°C 
















A 


v\ 












y 




t 




















20°C 
































1 






























































\ 







V 














R1/R7 


: 2 kfi 




\ 




















\ 






















\ 




















\ 






















s 






















s 






1.11 XVo 
















N 


V 


















\ 






















V^2 






















^"^ 



























Output Current (mA) 



Output Voltage (V) 







Current Limit, Sense Voltage 






























































...^ 






















■ 





"^ 1 





































































Supply Voltage Rejection 


















~ 


— 








Vo = 10 V 

Ta = 25°C 










































































0.05 


























> 




"•^^ 






















£ 




V. 


^ 




















;r 0.01 








[■"Vw 


■*■ 


— . 








c 


?EF = 





























































*^ 














































> 0.005 




































" 


"-*. 






Cre 


F = 10//F - 


\ 




















f<1 


20 Hz 


S> 




















■H 






0.001 



























Junction Temperature (°C) 



Input/Output Voltage Differential (V) 
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Operating Characteristics (Cent) 

Ta = 25°C 



Transient Response 



40 










Rsc = 

V.KI 


= 10 1 
= 5V 1 







Line 




V 






^ 


: mJ 




Vo = 


10 V 
























Rsc = 


10 ' 1 


400 




Cl=1A'F- 




No Load Current -1.0mA | 








Vo = 10 V 1 






Lo 


ad 


J 


V. 











f^^"' 





r^ 








-400 















Time {jjs) 



Applications 

5V— 15 mA Regulator 



MB 



HI UFTl 



Cref-t- I 
10 /"F J, J, 



6.5 k 



ISV^I A Foldback Current Limit 



'■'J- 




1.3n2W 

j^s^ — 



j_- m m VV< 



3-1 : 

-.47pF 

zHlCi 



i?4 a fi^- 



- f 



10 V — 200 mA Regulator 



1.3 0.5 W 



2SB505^i— (T 7}-T_ 

f^ - 305 ^ 

13VO * t U Sjt*- 



-O Vo = 10 V 



/77 /77 /77 /77 /T 



I A Regulator 



— E 



3 



-n 



3—' >68on 



^r 



Ci 47 pF 



► Ri 

M.8Q2W 



NEC cannot assume any responsibility for any circuits sfiown or 
represent that tiiey are free from patent infringement. 
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AfPC317 
THREE-TERMINAL ADJUSTABLE 
POSITIVE VOLTAGE REGULATOR 



Description 

The/iPC317 is an adjustable three-terminal positive volt- 
age regulator capable of supplying in excess of 1.5 A 
over a 1.3 V to 30 V output voltage range. 

Output voltage can be fixed by two external resistors. 

Features 

D Output current up to 1.5 A 
D Current limit constant with temperature 
D Internal thermal overload protection 
D Equivalent to LM31 7 



Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


)UPC317H 3 pin SIP 


-20°Cto+80°C 



Pin Configuration 



<> 



NEC 
JAPAN 
317H 



1 3 2 

/f \ 

Adj. Output Input 



Equivalent Circuit 



?R27 >R1 >R2 >R3 



-c \ I C< - 



<R9 



< RIO < R11 < R12 



>- 



>- 



r^ 



ci=t: =:C2 




2[D2 



3[d3 



-O Output 



HDAdj 

83-001 954B 
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Absolute Maximum Ratings 

Ta = +25X 




Input-Output Voltage Differential 


40 V 


Interria! Power Sissipstion (Note 1) 


20 V.' 


Operating Temperature Range 


-20°Cto+150°C 


Storage Temperature Range 


-65°Cto+150°C 


Lead Temperature (Soldering J OS) 


300°C 


Thermal Resistance (junction to case) 


4°C/W 


Thermal Resistance (junction to ambient) 


83°C/W 



Note: 1. Internally limited. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to tine device. Tills is a stress 
rating only and functional operation of tine device at tliese or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Recommended Operating Conditions 




Symbol 




Limits 


Test 


Parameter 


Min. 


Typ. 


IWax. 


Unit Conditions 


Input-Output 

Voltage 

Differential 


V|N-Vo 


3 




38.7 


V 


Output 
Voltage 


vo 


1.3 




30 


V 


Input Voltage 


V|N 


4.3 




40 


V 


Output 
Current 


Id 


0.01 




1.5 


A 


Operating 

Temperature 

Range 


Tj 


-20 




+125 


°C 



Electrical Characteristics 

(V|N - Vo = 5 V. lo = 0.5 A, 0°C < Tj < +125°C) 






Limits 




Test 


Parameter Symbol Min. Typ. 


Max. 


Unit Conditions 


Line Reoulation (Note 1) REGin ^'!^} 


0.04 


%/V Ta = 25°C. 3 V < (V|N - Vq) < 40 V 


0.02 


0.07 


%/V 0°C < Tj < +125°C, 3 V < (V|n - Vq) < 40 V 



Load Regulation (Note 1) 



REGl 



5 

o.i 

20 



25 
0.5 
70 



mV 



"mv" 



Vo<5V, Tj = 25°C.10mA<lo<1.5A 
Vo > 5 V, fj = 25 °C. 1 b mA < Iq < 1 .5 A 



0.3 



1.5 



%Vo 



Vo < 5 V, 0°C < Tj < +125''C, 10 mA < Iq < 1.5 A 
Vo > 5 V, 6 °C < Tj < +1 25 °C, 10 mA < 1^ < 1 .5 A 



Thermal Regulation 


REGth 




0.02 


0.07 


%/W 


Tj = 25°C, 0.2 ms<t< 20 ms 


Adjustment Pin Current 


lADJ 




50 


100 


A/A 




Adjustment Pin Current Change 


aiadj 




0.4 


5 


//A 


10 mA < io < 1.5 A, 3 V < (Vin-Vq) < 40 V, Pq < 20 W 


Reference Voltage 


Vref 


1.20 


1.25 


1.30 


V 


10 mA < io < 1.5 A. 3 V < (Vin-Vq) < 40 V. Pq < 20 W 


Vref Drift 


avref/at 




0.7 




% 


0°C<Tj<+125°C 


Load Current 


lO 




4.7 


10 


mA 


(V|n-Vo) = 40V 


Peak Output Current 


'OPEAK 


1.5 


2.2 


2.9 


A 


5V<(V|N-Vo)<15V 




0.15 


0.8 






(V|n-Vo)<40V 


Output Noise Voltage 


vn 




0.001 




%Vo 
(RMS) 


Tj = 25°C, 10 Hz <f< 10 kHz 


Ripple Rejection Ratio 


RR 




48 




dB 


CaOJ = 0, Vq = 10 V, f = 120 Hz, AV|n = 1 V RIVIS 


56 


65 




dB 


CaDJ = 1 a(F. 10 V. f = 1 20 Hz, AV|n = 1 V RMS 



Notes: 1. Measured at constant junction temperature, using pulse testing with a low duty cycle. PW = 10 ms, duty cycle < 2%. 
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Typical Applications 









Oulpiil 


Input 


A(PC317H 


C|N_ 
O-VF " 


I 


..|J 


+ Co 

" 1/"F 


6 Adj. 






< 

< 










^ 




Vo = [1+^]xVref 












83-001 955A 
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PRELIMINARY INFORMATION 



//PC337 

THREE-TERMINAL ADJUSTABLE 

NEGATIVE VOLTAGE REGULATOR 



Description 

The //PC337 is an adjustable three terminal negative 
voltage regulator capable of supplying up to 1 .5A over 
a voltage range of —1 .3 to -30 V. Output voltage is set 
by only two external resistors. 

Features 

D Output current up to 1.5A 
n Current limit constant with temperature 
D Internal thermal overload protection 
D Output transistor safe area protection 



Pin Configuration 



Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


//PC337H TO-220 


-20«Cto+85«C 





83-0031 10A 


fo]-- 


NEC 
/yPC33/ 


/t \ 

ADJ Input Output 



Blocic Diagram 







■ 








83-003111A 








I 




Buffer^ 












start 
Up 




Current 
Source 


















Current Source 




Safe Area 
Protection 










1 








Vrel 




































;>> 




Output 
Circuit 


































Thermal 
Overtoad 
Protection 




Current 
Limit 
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Absolute Maximum Ratings 

(Ta = 25°C) 



Recommended Operating Conditions 



input Output Voltage Differential 
Total Power Dissipation 


-40 V 
25 W (Note 1) 


Operating Temperature Range 


-20 to +85 °C 


Operating Junction Temperature 


-20to+150''C 


Storage Temperature 


-65to+150°C 


Junction to Case Tiiermal Resistance 


4°C/W 


Junction to Ambient Tiiermal Resistance 


83«C/W 





Symbol 




Limits 






Parameter 


Min. 


Tyn. 


Max. 


Unit 


Input Output Voltage Differential 


V,N-Vo 


-3 


-5 


-38.7 


V 


input Voltage 


V|N 


-4.3 




-40 


V 


Output Voltage 


Vo 


-1.3 




-30 


V 


Output Current 


lo 


0.01 




1.5 


A 


Operating Junction Temperature 


Tj 


-20 




125 


°C 



Note: (1) Thermal overload protection circuit shuts off the output 
whenever Tj > 150°C. 

Comment: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those Indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Electrical Characteristics 

V|N-Vo = -5 V. lo = 0.5 A, 0°C < Tj < + 125°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Line Regulation 


REGiN 




0.01 


0.04 


%/V 


Tj = 25''C.3V^IV|N-Vol^40V 
(Notel) 






0.02 


0.07 


%/v 


0°C^Tj<125°C.3V<IV|N-Vol<40V 



50 



mV 



Tj = 25 «C. (Notel) 



IVol<5V 



Load Regulation 



REGl 



0.3 



1.0 



10mA<lo<1.5A 



IVol>5V 



20 



70 



mV 



0<Tj<125°C (Notel) IVol<5V 









0.3 


1.5 


% 


10mA<lo<1.5A IVol>5V 


Thermal Regulation 


REGth 




0.003 


0.04 


%/W 


Tj = 25»CJ V|N-Vt^ = 40 V. Vq = -10 V, 
0<lo<0.25A.t = 10ns 


Adjustment Pin Current 


Iadj 




65 


100 


//A 




Adjustment Pin Current Ctiange 


aIadj 




2 


5 


//A 


Tj = 25«'C.3V<IV|N-Vol<40V. 
10mA<lo<1.5A|Note2) 


Reference Voltage 


Vref 


-1.20 


-1.25 


-1.30 


V 


3 V<IV|N-Vol <40 V. 10 mA < lo < 1.5A 
(Note 2) 


Vref Drift 


AVref/AT 




0.6 




% 


0°C<Tj<125<»C.lo = 5mA 


Minimum Load Current 


loMin 




2.5 


10 


mA 


IV,N-Vol=40V 


Peak Output Current 


Iqpeak 


1.5 


2.2 


2.9 


A 


3V<IV|nVoI<15V 


0.15 


0.4 




A 


IV,N-Vol=:40V 


Output Noise Voltage 


fin 




0.003 




% 


Tj = 25°C, 10Hz<f<10kHz 




RR 




60 




dB 


Tj = 25oC.AVo = 1Vrn,s Cadj = 


Ripple Rejection 


66 


70 




dO 


f=120Hz,Vo = 10V Cadj = 10//F 



Note: 1. Pulse Measurement Pyv ^ 10 ms, duty cycle ^ 2%. 
2. Internal Power Dissipation ^ 20 W. 
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Typical Connection 















input 


|iPC337H 


Output 




















S Ri 










( 


^ ADJ 


>120O 






: 


2 






1 


L CiN 
-^ 0.1 /iF 












f- 








n 


7 




Vo = [1+-?2].Vref 
R1 
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Typical Applications 



1. Variable Output Regulator 
Vo = -1.3 V to -30 V 



(-4.3 V to -40.0 V) O- 



Output 


R2 Value 


-1.25 





-2.5 


120 


-5.0 


360 


-12 


1032 


-24 


2184 


-30 


2760 



JL CiN 

- 0.1 /UF 



Cri 
>i2on 



t 



JZ Co 

1/yF 



2. Ripple Rejection Improvement 



Input 

O — t — O — 



±C|N 
-rO. 



1.1 ^FT 

I 



Output 

— f 



H, m — O Vo 



RiS 

120 n> i 



CaDJ< R2 



_L- Co 
— lyuF 



/77 CadJ^IO/uF 




3. Current Regulator 













Input 


//PC337H 


OuSpui 


/7 




-CiN 
" 0.1 //F 


A ADJ 


< 


► "1 
> 120 

ht 

J 10 

Operating Range 




[^ 


L '0 = 1^ 




Rl < 125 n 
10 > 10 mA 

83-0031 15A 
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NEC Electronics Inc. 

PRELIMINARY INFORMATION 



//PC2600 SERIES 

THREE-TERMINAL 

POSITIVE VOLTAGE REGULATORS 



Description 

The iuPC2600 series are monolithic three terminal 
positive regulators which employ protection circuits 
against the dangerous overvoltages always present on 
the battery rail of the car. They are intended as fixed- 
voltage regulators for car instrumentation in vehicles 
with 12 V battery and can supply an output current up 
to 500 mA. 

Features 

n Output voltages of 5 V and 10 V 

D Output current up to 500 mA 

D No external components 

n Low dropout voltage 

D Load dump voltage surge protection 

D Reverse voltage protection 

n Internal thermal overload protection 

n Internal short circuit current limiting 

Ordering Information 



Pin Configuration 



Part 
Number 


Operating 
Temperature 
Package Range 


//PC2600H 


Plastic SIP -30 to +85 °C 


Recommended Operating Conditions 

Ta = 25°C 




"-"" 


Item 


Symbol Min. Typ. Max. Unit Conditions 


Input voltage 


V,N 12 28 V 


Output Current 


Iq 50 500 mA 


Operating Junction 
Temperature Range 


Tj -12 +125 °C 









83-002523A 




1« 




NEC 
JAPAN 
26XX 


111 

1 3 2 

/t \ 

Input Gnd Output 



Absolute Maximum Ratings 

Ta = 25°C 



DC Input Voltage. V|n (DC) 


-35 V 


DC Input Reverse Voltage -V|N (DC) 


-28 V 


Positive Transient Voltage, V|N 

(t = 40 ms. duty cycle = 1%) (surge) 


120 V 


Negative Transient Voltage. -V|N 
(t = 30 ms. duty cycle = 1%) (surge) 


-90 V 


Internal Power Dissipation. Pj (Tq = 25 °C) 


20 W (Note 1) 


Operating Junction Temperature Range. Tgpt (j) 


-30 to +150 ''C 


Operating Temperature Range. Tgpt 


-30 to +85 °C 


Storage Temperature Range. Tgtg 


-65 to +150 ''C 




4«C/W 


Thermal Resistance (junction to ambient). Rti, (j.a) 


83°C/W 




Note: 1. Internally limited. 
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Block Diagram 



PROTECTION 



DUMP 
PROTECTION 




POWER 
STAGE 



THERMAL 
PROTECTION 



CURRENT 
LIMIT 



Electrical Characteristics 

Ta = 25°C 







Symbol 




Limit 




Unit 


Test 


Item 


Min. 


Typ. 


Max. 




Output Voltage 


//PC2605 


Vo 


4.8 


5.0 


5.2 


V 


12V<V|N<16V.lo = 500mA 


//PC2610 


Vfl 


9.55 


10.0 


10.45 


V 


12V<V|N<16V.lo = 500mA 


Line Regulation 




REGiN 




7 


20 


mV 


12V<V|N<16V.lo = 50mA 


Load Regulation 




REGl 




0.3 


1.0 


%Vo 


V|N-14V,50mA<lo<500mA 


Quiescent Current 


yuPC2605 


(bias 




37 




mA 


V|N - 14 V,lo = 500 mA 


yuPC2610 


'bias 




150 




mA 


V|N = 14 V,lo = 500 mA 


Ripple Rejection 




RR 


56 






do 


15V<V|N<17V,lo = 500mA 
f = 100Hz 


Output Noise Voltage 


/yPC2605 


Vn 




27 




/^Vrms 


V|N = 14 V.Iq- 500 mA 


//PC2610 


Vn 




53 




/^Vrms 


V,N = 14 V.lo = 500 mA 


Dropout Voltage 




Vdif 




1.3 


1.7 


V 


Iq = 500 mA 


Short Circuit Current 




iOshort 




900 




mA 


V|N = 14V 


Peak Output Current 




'Opeak 


650 


1.000 




mA 


V|N = 14V 


Output Resistance 




Ro 




0.07 




n 


V|N = 14 V, 400 mA<lo< 500 mA 
f = 1 kHz 


Locl(out Input Voltage 




ViNlCUt) 


28 


32 


35 


V 


Vo = 


Output Voltage Drift 




AVq/AT 




0.4 




mV/°C 


V|N = 14VJo = 50mA, 
-12°C<Ta<+B0°C 
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A/PC2600 SERIES 



Timing Waveform 



Output Current 



Output Voltage 



/T&J 



jf 



■opeaK 



m 



VlN(CUt) 



L 



ViN(8urge) 

Jl 



ti < 40 ms, duty cycle < 1% 
. t2 < 30 ms, duty cycle < 1% 



. , 1 T -V|N(8urge) 
T t 



n 



a 



Typical Application 



Input O— — •— — O 



CiN 
0.1 /iF 



■O » O Output 



-LCo 
- 0.1 /jF 
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SEC 

NEC Electronics Inc. 



/iPC78L00H SERIES 

THREE-TERMINAL 0.1 A 

POSITIVE VOLTAGE REGULATORS 



Description 

The//PC78L00H series of three terminal regulators are 
monolithic positive voltage regulators which feature 
internal current limiting and thermal shutdown. They 
are intended for use as fixed voltage regulators in a wide 
range of applications, including local on-card regula- 
tors where distribution with single point regulation is a 
problem. 

This device is not recommended for new designs. Use 
//PC78L00J instead. 

Features 

D Output current in excess of 100 mA 

D No external component required 

D Internal thermal overload protection 

D Internal short circuit current limiting 



Pin Configuration 



NEC 
JAPAN 



/ t \ 

Output Gnd Input 



Equivalent Circuit 
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Ordering Information 



Part 
Number 


Package 


Operating 

Temperature 

Range 


//PC78L05H 


Plastic SIP 


-20°Cto+80''C 


/yPC78L08H 


Plastic SIP 


-zoocto+so-c 


yuPC78L10H 


Plastic SIP 


-zo^cto+ao^c 


//PC78L12H 


Plastic SIP 


-20*^0 to +80 "C 


//PC78L15H 


Plastic SIP 


-ZO^Cto+OO^C 


fjpmim 


Plastic SIP 


-20°Cto+80*'C 


Absolute Maximum Ratings 


Input Voltage Lc/PC78L05H/78L08H) 


30 V 


Input Voltage (ArPC78L10H/78L12H/78L15H) 


35 V 


Internal Power Dissipation 




800 mW 


Operating Temperature Range 


-20 to +80 ''C 


Storage Temperature 




-55 to +1 50 ''C 


Operating Junction Temperature Range 


-20 to + 1 50 "C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Typical Application 














Input 1 


A(PC78L00H 


2 Output 








"C2[Note1] 

83-002511 A 


~Ci 
0.33 )UF [Note 2] 


3 






Notes: 

1] Although no output capacitor is needed 
for stability, it does improve transient 
response. 

2] Required if regulator is located an appreci- 
able distance from power supply filter. 



Electrical Characteristics — a(PC78L05H 

V|N = 10 V, lo = 40 mA, 0°C < Tj < 125 °C. C| = 0.33 //F, Cq = 0.1 //F 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


Vo 


4.6 


5.0 


5.4 


V 


Tj = 25''C 


Line Regulation 


REG,N 




55 


200 


mV 


Tj=:25«C.7V<V,N<20V 






45 


150 


mV 


Tj = 25°C,BV<V|N<20V 


Load Regulation 


REGl 




11 


60 


mV 


Tj = 25«C.l mA<lo< 100 mA 






5.0 


30 


mV 


Tj = 25*'C.l mA<lo<40mA 


Output Voltage 


Vo 


4.5 




5.5 


V 


7V<V|N<20V,lmA<lo<40mA 




4.5 




5.5 


V 


V|N = 10V.l mA<lo<70mA 


Quiescent Current 


■bias 




3.8 


6.0 


mA 


Tj = 25°C 








5.5 


mA 


Tj = 125°C 


Quiescent Current Change 


^Ibias 






1.5 


mA 


8V<V|N<20V,lo = 40mA 








0.2 


mA 


V|N-10V.l mA<lo<40mA 


Output Noise Voltage 


Vn 




30 




A/V 


TA = 25*'C.10Hz<f<100kHz 


Ripple Rejection 


RR 


40 


50 




dB 


f = 120 Hz. 8 V < V|N < 18 V, Tj = 25 °C 


Temperature Coefficient of 
Output Voltage 


Vq/AT 




-0.65 




mV/«C 


lo = 5mA 


Dropout Voltage 


Vdo 




1.7 




V 


Tj = 25<>C 


Short Circuit Current 


■OSHORT 




150 




mA 


Tj = 25°C 
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Electrical Characteristics - 

V|N = 14 V, lo = 40 mA, 0°C < Tj < 


-//PC78L08H 

125°C, C| = 0.33//F, Cc 


, = 0.1//F 








Symbol 




Limits 


Unit 






Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


vo 


7.36 


8.0 


8.64 


V 


Tj = 


= 25°C 




Line Regulation 


REGiN . 




80 


200 


mV 


Tj = 


:25°C. 10.5 V 


<V,N<23V 






70 


150 


mV 


Tj = 


25X11 V< 


V|N < 23 V 


Load Regulation 


REGl . 




15 


80 


mV 


Tj = 


= 25°C. 1 mA: 


<l0< 100 mA 






8.0 


40 


mV 


Tj = 


-- 25°C. 1 mA ! 


< Iq < 40 mA 


Output Voltage 


Vo . 


7.2 




8.8 


V 


1 0.5 V < V|H < 23 V. 1 mA < Iq < 40 mA 




7.2 




8.8 


V 


V|N = 


= 14 V.I mA<lo<70mA 


Quiescent Current 


■bias • 




3.9 


6.0 


mA 


Tj- 


= 25°C 










5.5 


mA 


Tj- 


= 25°C 




Quiescent Current Change 


A'BIAS • 






1.5 


mA 


12V 


<V|N<23V. 


,lo<40mA 








0.2 


mA 


V|N^ 


= 14V.1mA<lo<40mA 


Output Noise Voltage 


Vn 




60 




//V 


Ta = 


= 25°C. 10 Hz 


<f<100kHz 


Ripple Rejection 


RR 


38 


45 




dB 


f = 


120 Hz. 12 V< 


V|N<22V.Tj-25°C 


Temperature Coefficient of 
Output Voltage 


Vq/AT 




-0.8 


1 


mV/°C 


1 10 = 


= 5mA 




Dropout Voltage 






1.7 




V 


Tj = 


= 25°C 




Short Circuit Current 


'OSHORT 




150 




mA 


Tj = 


= 25°C 




Electrical Characteristics — 

V|N = 17 V, lo = 40 mA, O^'C < Tj < " 


//PC78L10H 

125°C, C| = 0.33//F, Co 


, = 0.1//F 








Symbol 


- 




Limits 






Unit 


Test 


Parameter 


Mln. 


Typ. 




Max. 


Conditions 


Output Voltage 


Vo 




9.2 


10 




10.8 


V 


Tj = 25°C 


Line Regulation 


REGiN 






100 




230 


mV 


Tj = 25<'C. 12.5 V<V|N< 25 V 








80 




170 


mV 


Tj = 25°C.13V<V|N<25V 


Load Regulation 


REGl 






18 




90 


mV 


Tj = 25°C.1 mA<lo< 100 mA 








9 




45 


mV 


Tj = 25°C.1 mA<lo<40mA 


Output Voltage 


Vo 




9.0 






11.0 


V 


12.5V<V|N<25V.1mA<lo<40mA 






9.0 






11.0 


V 


V|N = 17V.1mA<lo<70mA 


Quiescent Current 


■bias 






4.0 




6.0 


mA 


Tj = 25<'C 












5.5 


mA 


Tj = 25<'C 


Quiescent Current Change 


^■bias 










1.5 


mA 


13V<V|N<25V.io<40mA 












0.2 


mA 


V|N = 17V.lmA<lo<40mA 


Output Noise Voltage 


Vn 






70 






/^Vrms 


Ta = 25<'C. 10 Hz<f< 100kHz 


Ripple Rejection 


RR 




37 


44 






dB 


f = 120Hz.14V<V|N<24V.Tj = 25°C 


Temperature Coefficient of 
Output Voltage 


Vo/aT 






-0.9 






mV/oC 


Iq = 5 mA 


Dropout Voltage 








1.7 






V 


Tj-25<'C 


Short Circuit Current 


■oshort 






150 






mA 


Tj-25«C 
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Electrical Characteristics - 

V|N = 19 V, lo = 40 mA, 0°C < Tj < 


-/yPC78L12H 

125°C, C| = 0.33 //F, Co = 0.1 /jF 




Symbol 




Limits 




unit 


Test 


Parameier 


min. 


Typ. 


max. 


Conditions 


Output Voltage 


vo 


11.1 


12 


12.9 


V 


Tj = 25°C 


Line Regulation 


REGiN 




120 


250 


mV 


Tj = 25°C, 14.5 V<V|N< 27 V 




100 


200 


mV 


Tj = 25°C,16V<V|N<27V 


Load Regulation 


REGl 




20 


100 


mV 


Tj = 25°C, 1mA <lo< 100 mA 




10 


50 


mV 


Tj = 25°C. 1mA <lo< 40 mA 


Output Voltage 


Vo 


10.8 




13.2 


V 


14.5V<V|N<27V,1 mA<lo<40mA 


10.8 




13.2 


V 


V|N = 19V,1 mA<lo<70mA 


Quiescent Current 


IBIAS 




4.2 


6.5 


mA 


Tj = 25°C 








6.0 


mA 


Tj = 125°C 


Quiescent Current Change 


A>BIAS 






1.5 


mA 


16V<V|N<27V,lo<40mA 






0.2 


mA 


V|N = 19V.1mA<lo<40mA 


Output Noise Voltage 


h 




80 




/^v 


Ta = 25°C, 10Hz<f<100kHz 


Ripple Rejection 


RR 


36 


42 




dB 


f = 120 Hz, 15 V < V|N < 25 V, Tj = 25 °C 


Temperature Coefficient of 
Output Voltage 


Vq/AT 




-1.0 




mV/°C 


lo = 5 mA 


Oropout Voltage 






1.7 




V 


Tj = 25°C 


Short Circuit Current 


'OSHORT 




150 




mA 


Tj = 25°C 


Electrical Characteristics - 

V|N = 23 V, lo = 40 mA, 0°C < Tj < 


-//PC78L15H 

125 °C, C| = 0.33 //F, Co = 0.1 //F 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 




Output Voltage 


Vo 


13.8 


15 


16.2 


V 


Tj = 25°C 


Line Regulation 


REGiN 




130 


300 


mV 


Tj-25°CJ7.5V<V|N<30V 




110 


250 


mV 


Tj-25°C.20V<V|N<30V 


Load Regulation 


REGl 




25 


150 


mV 


Tj = 25°C, 1 mA<lo< 100 mA 






12 


75 


mV 


Tj = 25°C. 1 mA<lo<40mA 


Output Voltage 


Vo 


13.5 




16.5 


V 


1 7.5 V < V|N < 30 V, 1 mA < lo < 40 mA 


13.5 




16.5 


V 


V|N = 23 V, 1 mA < lo < 70 mA 


Quiescent Current 


■bias 




4.4 


6.5 


mA 


Tj = 25°C 








6.0 


mA 


Tj = 125°C 


Quiescent Current Change 


aibias 






1.5 


mA 


20V<V|N<30V.lo^40mA 








0.2 


mA 


V|N = 23VJ mA<lo<40mA 


Output Noise Voltage 


Vn 




90 




//V 


Ta = 25°C, 10Hz<f<100l(Hz 


Ripple Rejection 


RR 


33 


39 




dB 


f = 120 Hz, 18.5 V < V|N < 28.5 V, Tj = 25°C 


Temperature Coefficient of 
Output Voltage 


Vfl/AT 




-1.3 




mV/°C 


lo = 5 mA 


Dropout Voltage 






1.7 




V 


Tj = 25°C 


Short Circuit Current 


'oSHORT 




150 




mA 


Tj = 25°C 
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Operating Characteristics 

Ta = +25°C 



1.0 


Worst Case Power Dissipation vs. 


Ambient Temperature 






































100X/W 




















\ ' 








5 

0.6 














































a 0.4 














































0.2 







































































Current Limiting Characteristics 







._.. 








//PC78L05 
V|N = 10V 
























































Tj = 75°C^ 


- 


^_ 












Tj = 125°C 

1 \ 








Tj = 25°C 








^ 































Ambient Temperature (°C) 



50 100 150 

Output Current (mA) 



Quiescent Current as a Function of Input Voltage 



1 4 



Vo = 5.0 V 
lo = 40 mA 
Tj = 25 °C 










/UPC78L05 












■ 


/ 


/ 










/ 


























I 















Quies 


cent Current as a Function of Temperature 












/yPC78L05 


































^*""^**.^^ 














^"'***"^^^ 












1 
















V|N = 10V 












lo = 40 mA 
























i r 


\ ^ 


j n 


i ? 


A 



Input Voltage (V) 



50 75 

Ambient Temperature (°C) 



Dropout Voltage as a 


Function of Junction Temperature 










//PC78L05 
























io = 100 mA 










lo = 50 mA 











Jo ■=- 10 mA 






_ 










-^ 


Dropout Cond 
AVo = 5% of 


tions 
Vo 
















\ \ ■ 


' 


' ^ 


' 



Dropout Characteristics 



Vo = 5V 
Tj = 25 °C 














/iPC 


78L05 


























lo = On( 
1 

= 40nr 
1 

= 100n 


lAv 


\ 


A 


7 
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^ 
















A 
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Junction Temperature (°C) 
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Operating Characteristics (Cent.) 

Ta = ±25°C 



20 

17.5 

15 








Line Transient Re 
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se 
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Ripple Rejection as a Function Frequency 
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Function of Frequency 






























1 II 

//PC78L05 
V,N = 10V 
lo = 40 mA . 


5 






















































'' 
































• h^ 


P. o 


































^ 


































■ 


































^ 0.5 
































/ 






























/ 




0.3 




























^ 






























y 








■ 
























y 










0.1 



























100 500 1 k 5 k 10 k 
Frequency (Hz) 



500 1 k 
Frequency (Hz) 



5-22 



NEC 

NEC Electronics Inc. 



//PC78L00J SERIES 

THREE-TERMINAL 0.1 A 

POSITIVE VOLTAGE REGULATORS 



Description 

The/yPC78L00J series of three terminal regulators are 
monolithic positive voltage regulators which feature 
internal current limiting and thermal shutdown. They 
are intended for use as fixed voltage regulators in a wide 
range of applications, including local on-card regula- 
tors where distribution with single point regulation is a 
problem. 

Features 

D Output current in excess of 100 mA 
D No external component required 
D Internal thermal overload protection 
D Internal short circuit current limiting 



Pin Configuration 




Equivalent Circuit 



n 



3[di ^c°^^ MC°^^ °^>^ 



Qio 

R14 




Q4S . 



— O Input 



R12 
-VA 



|r8 



R10 

1 
■* O Output 



► "5 R2 




R4 |r6 
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Ordering Information 



Part 
Number 


Package 


Operating 

Temperature 

Range 


/;PC78L05J 


TO-92 


-20''Cto+80''C 


//PC78L08J 


TO-92 


-20''Cto+80*C 


//PC78L12J 


TO-92 


-20°Cto+80°C 


//PC78L15J 


TO-92 


-20«Cto+80*'C 


ywPC78L18J 


TO-92 


-20°Cto+80<'C 


yuPC78L24J 


TO-92 


-20°Cto+80°C 


Absolute Maximum Ratings 


Input Voltage LuPC78L05J/78L08J) 


30 V 


Input Voltage KC78L10J/78L12J/78L15J) 


35 V 


Internal Power Dissipation 




800 mW 


Operating Temperature Range 




-20 to +80 °C 


Storage Temperature 




-55to+150°C 


Operating Junction Temperature Range 


-20to + 150«C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Recommended Operating Conditions 



Parameter 



input Voltage 



Symbol 



V|N 



Type 




Limits 


Number 


Min. 


Typ. IVIax. 


A/PC78L05J 


7 


10 20 


//PC78L08J 


10.5 


14 23 


A(PC78L10J 


12.5 


17 25 


/yPC78L12J 


14.5 


19 27 







//PC78L15J 


17 23 


30 




Output Current 


Iq 


Ail 


40 


70 


mA 


internal Power 
Dissipation 


Pd 


All 


200 


220 


mW 


Operating Ambient 
Temperature 


Topt 


All 


-20 


80 


°C 


Operating Junction 
Temperature 


Tj 


All 


-20 


125 


°C 



Electrical Characteristics — //PC78L05J 

VjN = 10 V, lo = 40 mA, 0°C < Tj < 125 °C, C|n = 0.33 //F, Cqut = 0.1 fjF 





Symbol 




Limits 




Unit 


Test 


Parameter 


IVIin. 


Typ. 


Max. 


Conditions 




Vo 


4.8 


5.0 


5.2 


V 


Tj = 25«C 


Output Voltage 


4.75 




5.25 


V 


7V<V|N<20V,1 mA<lo<40mA 




4.75 




5.25 


V 


V|N<10V.l mA<lo<70mA 


Line Regulation 


REGiN 




6 


150 


mV 


Tj = 25°C.7V<V|N<20V 




4 


100 


mV 


Tj = 25*'C,8V<V|N<20V 


Load Regulation 


REGl 




9 


60 


mV 


Tj = 25*'C, 1 mA<lo< 100 mA 




4 


30 


mV 


Tj = 25''C, 1 mA<lo<40mA 


Quiescent Current 


■bias 




2.3 


5.5 


mA 


Tj-25°C 


Quiescent Current Change 


^Ibias 






1.5 


mA 


8V<V|N<20VJo<40mA 






0.1 


mA 


5 mA < lo < 350 mA 


Output Noise Voltage 


Vn 




45 


120 


ywVrms 


Tj = 25°C,f = 10Hzto100l(Hz 


Ripple Rejection 


RR 


55 


75 




dB 


Tj = 25«C,8V<V|N<18V,f = 120Hz 


Dropout Voltage 


Vdif 




1.7 




V 


Tj = 250C 


Short Circuit Current 


•OSHORT 




88 




mA 


Tj = 25°C,V|N = 20V 


Peal( Output Current 


iOPEAK 


125 


160 


205 


mA 


Tj==25*'C 


Output Voltage Drift 


AVq/AT 




0.4 




mVZ-'C 


0°C<Tj<150°C,lo-5mA 
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yuPC78L00J SERIES 



Electrical Characteristics - 

V|N = 14 V, lo = 40 mA, 0°C < Tj < 


-A/PC78L08J 

1 25 °C, C|N = 0.33 fjF, CouT = 


■- 0.1 fjF 






Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 




Vo 


7.7 


8.0 


8.3 


V 


Tj = 25'>C 


Output Voltage 


7.6 




8.4 


V 


1 0.5 V < V|N < 23 V. 1 mA < lo < 40 mA 




7.6 




8.4 


V 


V|N<14V,lmA<lo<70mA 


Line Regulation 


REGiN 




10 


175 


mV 


Tj = 25'>C, 10.5 V <V|N< 23 V 




6 


125 


mV 


Tj = 25«C.11 V<V,N<23V 


Load Regulation 


REGl 




14 


80 


mV 


Tj = 25oC, 1mA <lo< 100 mA 




6 


40 


mV 


Tj = 25«C. 1 mA<lo<40mA 


Quiescent Current 


■bias 




2.4 


5.5 


mA 


Tj = 25<'C 


Quiescent Current Change 


^'bias 






1.5 


mA 


12V<V|N<23VJo<40mA 






0.1 


mA 


V|N = 14V, 1 mA<lo<40mA 


Output Noise Voltage 


Vn 




85 


190 


ywVrms 


Tj = 25°C.f = 10Hzto100kHz 


Ripple Rejection 


RR 


51 


73 




dB 


Tj = 25«C, 12 V < V|N < 22 V, f = 120 Hz 


Dropout Voltage 


Vdif 




1.7 




V 


TJ-250C 


Short Circuit Current 


Iqshort 




80 




mA 


Tj = 250c, V|N = 23 V 


Peak Output Current 


■OPEAK 


125 


160 


205 


mA 


Tj = 25oC 


Output Voltage Drift 


AVq/AT 




0.6 




mV/°C 


0°C<Tj<125°C.lo = 5mA 


Electrical Characteristics - 

V|N = 17 V, lo = 40 mA, 0°C < Tj < 


-A/PC78L10J 

1 25 °C, C|N = 0.33 fjF, CouT = 


-OAfJif 






Symbol 




Limits 




~ Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 




Vo 


9.6 


10.0 


10.4 


V 


Tj = 250c 


Output Voltage 


9.5 




10.5 


V 


12.5V<V|N<25V, 1mA<lo<40mA 




9.5 




10.5 


V 


V|N = 17V, 1 mA<lo<70mA 


Line Regulation 


REGiN 




12 


200 


mV 


Tj - 250c, 12.5 V<V|N< 25 V 




8 


150 


mV 


Tj = 25''C. 13V<V|N<25V 


Load Regulation 


REGl 




18 


90 


mV 


Tj = 25oC. 1mA <lo< 100 mA 




8 


45 


mV 


Tj=:25*»C, 1mA <lo< 40 mA 


Quiescent Current 


■bias 




2.5 


5.5 


mA 


Tj = 25'>C 


Quiescent Current Change 


^«BIAS 






1.5 


mA 


13V<V|N<25V.lo<40mA 






0.1 


mA 


V|N = 17V, 1 mA<lo<40mA 


Output Noise Voltage 


Vn 




100 


230 


yuVrms 


Tj = 25°C,f = 10Hztol00kHz 




RR 


49 


69 




dB 


Tj = 25«C, 14 V < V|N < 24 V, f = 120 Hz 


Dropout Voltage 


Vdif 




1.7 




V 


TJ-250C 


Short Circuit Current 


Iqshort 




70 




mA 


Tj-25»C,V|N = 25V 


Peak Output Current 


■OPEAK 


125 


160 


205 


mA 


Tj = 25»C 


Output Voltage Drift 


AVq/AT 




0.8 




mV/oC 


0°C<Tj<125°C.lo = 5mA 
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SEC 



Electrical Characteristics - 

V|N = 19 V, lo = 40 mA, 0°C < Tj < 


-/iPC78L12J 

125°C, C|N==0.33//F, CouT = 


0.1 /yP 






Symbol 




Limits 




Unit 


Test 


Parameter 


IVIin. 


Typ. 


Max. 


Conditions 




Vo 


11.5 


12.0 


12.5 


V 


Tj = 25<'C 


Output Voltage 


11.4 




12.6 


V 


14V<V|N<27V,1mA<lo<40mA 




11.4 




12.6 


V 


V|N = 19V.1 mA<lo< 100 mA 


Line Regulation 


BEGIN 




14 


250 


mV 


Tj = 25«'C, 14.5 V<V|N< 27 V 




10 


200 


mV 


Tj = 25°C.16V<V|N<27V 


Load Regulation 


REGl 




20 


100 


mV 


Tj = 25°C.1mA<lo< 100 mA 




10 


50 


mV 


Tj = 25°CJmA<lo<40mA 


Quiescent Current 


iBIAS 




2.6 


5.5 


mA 


Tj = 25oC 


Quiescent Current Change 


aIbias 






1.5 


mA 


16V<V|N<27V,lo<40mA 






0.1 


mA 


V|N = 19V.1 mA<lo<40mA 


Output Noise Voltage 


Vn 




115 


280 


/yVrms 


Tj = 25«>C,f = 10Hzto100kHz 


Ripple Rejection 


RR 


47 


66 




dB 


Tj = 25«C. 15 V < V|N < 25 V. f = 120 Hz 


Dropout Voltage 


Vdif 




1.7 




V 


Tj = 25*'C 


Short Circuit Current 


Iqshort 




64 




mA 


Tj = 25*'C.V|N = 27V 


Peal< Output Current 


'OPEAK 


125 


160 


205 


mA 


Tj-25«C 


Output Voltage Drift 


AVq/AT 




1.1 




mV/°C 


0°C<Tj<125°C.lo-5mA 


Electrical Characteristics - 

V|N = 23 V, lo = 40 mA, 0°C < Tj < 


-//PC78L15J 

1 25 °C, C|N = 0.33 //F, CouT = 


--O.lfJiF 






Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 




Vo 


14.4 


15.0 


15.6 


V 


Tj = 25*'C 


Output Voltage 


14.25 




15.75 


V 


1 7.5 V < V|N < 30 V, 1 mA < lo < 40 mA 




14.25 




15.75 


V 


V|N = 23V.1mA<lo<70mA 


Line Regulation 


REGiN 




18 


300 


mV 


Tj - 25''C. 17.5 V<V|N< 30 V 




13 


250 


mV 


Tj = 25*»C,20V<V|N<30V 


Load Regulation 


REGl 




25 


150 


mV 


Tj = 25''C,1mA<lo< 100 mA 




12 


75 


mV 


Tj = 25'>C.1mA<lo<40mA 


Quiescent Current 


■bias 




2.7 


5.5 


mA 


Tj-25''C 


Quiescent Current Change 


^'bias 






1.5 


mA 


20V<V|N<30V,lo^40mA 






0.1 


mA 


V|N = 23V,1 mA<lo<40mA 


Output Noise Voltage 


Vn 




135 


350 


//Vrms 


Tj = 25«C.f-10Hzto100l(Hz 


Ripple Rejection 


RR 


45 


61 




dB 


Tj = 25*'C. 18 V < V|N < 28.5 V. f = 120 Hz 


Dropout Voltage 


Vdif 




1.7 




V 


Tj = 25''C 


Short Circuit Current 


■OSHORT 




53 




mA 


Tj = 25°C.V|N-30V 


Peak Output Current 


loPEAK 


125 


160 


205 


mA 


Tj = 25«C 


Output Voltage Drift 


AVq/AT 




1.4 




mV/oC 


0°C<Tj<125°CJo-5mA 
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Typical Connection 



— O Output 



-p CoUT 



^ 



C|n: 0.1 to 0.47 //F [Required if regulator is located 
an appreciable distance from power supply filter.] 
CouT ^ 0.22 //F [recommended mylar capacitor]. 



Operating Characteristics 

Ta = 25°C 



Worst Case Power Dissipation vs. Ambient Temperature 



Dropout Characteristics 









180°C/W 














^ 








-^ 









































lO = 40 mA 












































y 


y 












y 


y 












^X 


y 














^ 




























Ambient Temperature (°C) 



Input Voltage (V) 







Output Voltage vs. Junction Temperature 
















Vo = 10 V 
IO = 5mA 


5 












• +20 

( 

V 








^ 


" — 


^ 1 


^ 






^ 


^^^'^ 










K 












/ 































Quiescent Current 











lO = 40 mA 
















/— 




' — 






> 


r 










J 













Junction Temperature (°C) 



Input Voltage (V) 
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Operating Characteristics (Cent.) 

Ta = 25°C 



v/Ui|Jut iiiipeuaiiwe vs. rfeifUeiiuy 



I 

.£. 80 







8V<V|N<18V 
lO = 40 mA 


\ 








\ 


v^_ 












\ 









V,N = 10V 








y' 






^ 



















Frequency (Hz) 



1k 
Frequency (Hz) 







Peak Output Current as a Function 
of Input/Output Differential Voltage 


















1 






^ 


\, 






t 


-- 





^"^^^ 


^s 


^V^T 


1 = -20 °C 


t 1001 










1 








^ 




J-25X 
j = 85°C 


n 















10 15 20 25 

Input to Output Voltage Differential (V) 



Dropout Voltage as a Function of Junction Temperature 



















^ 


::;-■ 






.^ Jo 


= 100 mA 






— - 






^ IQ 


= 40mA 
= OmA 




1 













25 50 75 100 

Junction Temperature ( "C) 



125 150 









Line Transient Response 






^ 20 














iO = 40 mA 


1 15 


















1 10 




/ 








\ 






c 10 

> 








































A 














1 ° 

o en 












\ 


/ 




1 












\ 





Load Transient Response 



I 

g 50 



§ 



0) 















V,N = 10V 




1 










\ 






1 










\ 
















































^ 


^ 


Y 































20 
Time (Ais) 
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//PC78M00 SERIES 

THREE-TERMINAL 0.5 A 

POSITIVE VOLTAGE REGULATORS 



Description 

The //PC78M00 series of three terminal regulators are 
monolithic positive voltage regulators which feature 
internal current limiting and thermal shutdown. They 
are intended for use as fixed voltage regulators In a 
wide range of applications, including local on-card 
regulators where distribution with single point regula- 
tion is a problem. 

Features 

n Output current in excess of 0.5 A 
D No external components required 
D Internal thermal overload protection 
D Internal short circuit current limiting 

Equivalent Circuit 



Pin Configuration 













1 






l^M 






NEC 




JAPAN 








78MXX 






w 

1 3 2 




/ t \ 




Input Gnd Output 






83-002531 A 



ifOi |r5 



ijD2 



<o,. o,S- 



♦— 4 IT Q2 



"5 



C1 



o.>- 



— o 

Input 




<°' 



> Rio < R3 < Ri4 
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Ordering Information 



Part 
Number 


Packaae 


Operating 

Temperature 

R.angp 


/yPC78IVI05H 


Plastic SIP 


-20°Cto+80«C 


A/PC78IVI08H 


Plastic SIP 


-20*>Cto+80°C 


yt/PC78M10H 


Plastic SIP 


-20°Cto+80<'C 


//PC78IVI12H 


Plastic SIP 


-20'>Cto+80''C 


/yPC78MI5H 


Plastic SIP 


-20<'Cto+80''C 


/^PC78M18H 


Plastic SIP 


-20°Gto+80°C 


/yPC78M24H 


Plastic SIP 


-20°Cto+80«C 


Absolute Maximum Ratings 


Input Voltage (a/PC78IVI05/08/10/12/15/18) 


35 V 


Input Voltage (a(PC78M24) 




40 V 


Internal Power Dissipation 




Internally Limited 


Operating Temperature Range 


-20 to +80 °C 


Storage Temperature Range 




-55to+150°C 


Operating Junction Temperature Range 


-20tol25«C 



Comment: Stress above those listed under "Absolute Maximum 
Rati ngs" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Typical Application 



X 



0.33//F[Note2]::±Ci 



/jrK^tONlAA 



rt7 

Notes: 

[1] Although no output capacitor is needed 
for stability, it does improve transient 
response. 

[2] Required if regulator is located an appreci- 
able distance from power supply filter. 



Electrical Characteristics —/iPC78M05 

V|N = 10 V, lo = 350 mA, 0°C < Tj < 125°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


vo 


4.8 


5.0 


5.2 


V 


Tj = 25°C 


4.75 




5.25 


V 


7V<V|N<20V.5mA<lo<350mA 


Line Regulation 


BEGIN 




3 


100 


mV 


Tj = 25°C, 7 V < V|N < 25 V, Iq = 200 mA 




1 


50 


mV 


Tj - 25°C, 8 V < V|N < 25 V, Iq = 200 mA 


Load Regulation 


REGl 




20 


100 


mV 


Tj = 25°C, 5 mA <lo< 500 mA 




10 


50 


mV 


Tj = 25°C,5mA<lo<200mA 


Quiescent Current 


IBIAS 




4.5 


6.0 


mA 


Tj = 25°C 


Quiescent Current Cliange 


AlBIAS 






0.8 


mA 


8V<V|N<25V.lo = 200mA 






0.5 


mA 


5 mA < Iq < 350 mA 


Output Noise Voltage 


vn 




40 




//V 


Ta = 25°C, 10Hz<f<100l(Hz 


Ripple Rejection 


RR 


62 


80 




dB 


Tj = 25°C, f = 120 Hz, 8 V < V|N < 18 V. Iq = 300 mA 


Dropout Voltage 






2.0 




V 


Ta = 25°C 


Short Circuit Current 


•OSHORT 




250 




mA 


Tj = 25°C.V|N<35V 


Peal( Output Current 


•OPEAK 




1.0 




A 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




-1.0 




mV/°C 


Iq = 5 mA 
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Electrical Characteristics -/iPC78M08 

V|N = 14 V, Iq = 350 mA, 0°C < Tj < 125°C 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


vo 


7.7 


8.0 


8.3 


V 


Tj = 25°C 


7.6 




8.4 


V 


10.5 V < V|N < 23 V. 5 mA < Iq < 350 mA 


Line Regulation 


REGiN 




6.0 


100 


mV 


Tj = 25°C, 10.5 V < V|N < 25 V, Iq = 200 mA 




2.0 


50 


mV 


Tj = 25°C. 11 V < V|N < 25 V, Iq = 200 mA 


Load Regulation 


REGl 




25 


160 


mV 


Tj = 25°C, 5 mA < Iq < 500 mA 




10 


80 


mV 


Tj = 25°C. 5 mA < Iq < 200 mA 


Quiescent Current 


■bias 




4.6 


6.0 


mA 


Tj = 25°C 


Quiescent Current Change 


aibias 






0.8 


mA 


1 0.5 V < V|N< 25 VJo = 200 mA 






0.5 


mA 


5 mA < Iq < 350 mA 


Output Noise Voltage 


vn 




52 




//V 


Ta = 25°C, 10Hz<f<100kHz 


Ripple Rejection 


RR 


56 


80 




dB 


Tj = 25 °C. f = 120 Hz, 11.5 V < V|n < 21.5 V, Iq = 300 mA 


Dropout Voltage 






2.0 




V 


Ta = 25°C 


Sliort Circuit Current 


'OSHORT 




250 




mA 


Tj = 25°C.V|N = 35V 


Peak Output Current 


'OPEAK 




1.0 




A 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




-1.0 




mV/°C 


Iq = 5 mA 


Electrical Characteristics - ;uPC78M1 

V|N = 17 V, lo = 350 mA, 0°C < Tj < 125°C 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


Vo 


9.6 


10 


10.4 


V 


Tj = 25°C 


9.5 




10.5 


V 


1 2.5 V < V|N < 25 V, 5 mA < Iq < 350 mA 


Line Regulation 


BEGIN 




1.0 


100 


mV 


Tj = 25 °C. 12.5 V < V|N < 28 V, Iq = 200 mA 






2.0 


50 


mV 


Tj = 25 °C, 14 V < V|N < 28 V, Iq = 200 mA 


Load Regulation 


REGl 




25 


200 


mV 


Tj = 25°C.5mA<lo<500mA 




10 


100 


mV 


Tj = 25°C, 5 mA <lo< 200 mA 


Quiescent Current 


■bias 




4.5 


6.0 


mA 


Tj = 25°C 


Quiescent Current Change 


aibias 






0.8 


mA 


12.5 V < V|N < 28 VJo = 200 mA 






0.5 


mA 


5 mA < Iq < 350 mA 


Output Noise Voltage 


Vn 




70 




/yV 


Ta = 25°C, 10 Hz <f< 100 kHz 


Ripple Rejection 


RR 


55 


80 




dB 


Tj = 25°C. f = 120 Hz, 13 V < V|n < 23 V, Iq = 300 mA 


Dropout Voltage 






2.0 




V 


Ta-25°C 


Short Circuit Current 


lOSHORT 




250 




mA 


Tj = 25°C,V|N = 35V 


Pealc Output Current 


IQPEAK 




1.0 




A 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




-1.0 




mV/°C 


Iq = 5 mA 
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Electrical Characteristics - //PC78M1 2 

V|N = 1 9 V. lo = 350 mA, 0°C < Tj < 1 25°C 




Symbol 




Limits 




Unit 


Test 


Parameter 


MIn. 


Typ. 


Nlax. 


Conditions 


Output Voltage 


vo 


11.5 


12.0 


12.5 


V 


Tj = 25°C 


11.4 




12.6 


V 


1 4.5 V < V|N < 27 V, 5 mA < lo < 350 mA 


Line Regulation 


REGiN 




8.0 


100 


mV 


Tj = 25 °C, 14.5 V < V|N < 30 V, Iq = 200 mA 






2.0 


50 


mV 


Tj - 25°C, 16 V < V|N < 30 V. Iq = 200 mA 


Load Regulation 


REGl 




25 


240 


mV 


Tj = 25°C.5mA<lo<500mA 






10 


120 


mV 


Tj = 25°C, 5 mA <lo< 200 mA 


Quiescent Current 


■bias 




4.8 


6.0 


mA 


Tj = 25°C 


Quiescent Current Change 


AlBIAS 






0.8 


mA 


14.5 V < V|N< 30 V.lfl^^ 200 mA 








0.5 


mA 


5 mA < Iq < 350 mA 


Output Noise Voltage 


vn 




75 




/wV 


Ta = 25°C, 10Hz<f<100kHz 


Ripple Rejection 




55 


80 




dB 


Tj = 25 °C, f = 120 Hz, 15 V < V|n < 25 V. Iq = 300 mA 








2.0 




V 


Ta = 25°C 


Short Circuit Current 


lOSHORT 




250 




mA 


Tj = 25°C.V|n = 35V 


Peak Output Current 


■OPEAK 




1.0 




A 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




-1.0 




mV/°C 


lo = 5 mA 


Electrical Characteristics - yuPCTSMI 5 

V|N = 23 V, lo = 350 mA, 0°C < Tj < 125°C 




Symbol 




Limits 




Unit 


Test 


Parameter 


MIn. 


Typ. 


Max. 


Conditions 


Output Voltage 


Vo 


14.4 


15 


15.6 


V 


Tj = 25°C 




14.25 




15.75 


V 


1 7.5 V < V|N < 30 V, 5 mA < lo < 350 mA 


Line Regulation 


REGiN 




10 


100 


mV 


Tj = 25°C. 17.5 V < V|N < 30 V. Iq = 200 mA 






3.0 


50 


mV 


Tj = 25«C. 20 V < V|N < 30 V. Iq = 200 mA 


Load Regulation 


REGl 




25 


300 


mV 


Tj = 25°C,5mA<lo<500mA 






10 


150 


mV 


Tj = 25°C,5mA<lo<200mA 


Quiescent Current 


■bias 




4.8 


6.0 


mA 


Tj = 25°C 


Quiescent Current Change 


AlBIAS 






0.8 


mA 


17.5 V < V|N< 30 V,lo = 200 mA 








0.5 


mA 


5 mA < Iq < 350 mA 


Output Noise Voltage 


Vn 




90 




A'V 


Ta = 25°C, 10Hz<f<100kHz 


Ripple Rejection 


RR 


54 


70 




dB 


Tj - 25 °C. f = 120 Hz, 18.5 V < V|n < 28.5 V. Iq = 300 mA 


Dropout Voltage 






2.0 




V 


Ta = 25°C 


Short Circuit Current 


■OSHORT 




250 




mA 


Tj-:25<'C.V|n = 35V 


Peak Output Current 


lOPEAK 




1.0 




A 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




-1.0 




mV/°C 


lo = 5 mA 
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Electrical Characteristics — /iPC78M1 8 

V|N = 27 V, lo = 350 mA, 0°C < Tj < 125°C 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


vo 


17.3 


18.0 


18.7 


V 


Tj = 25°C 


17.1 




18.9 


V 


21 V<V|N<33V,5mA<lo<350mA 


Line Regulation 


REGiN 




10 


100 


mV 


Tj = 25°C, 21 V < V|N < 33 V. Iq = 200 mA 




4.0 


50 


mV 


Tj = 25°C,24V<V|N<30V 


Load Regulation 


REGl 




30 


360 


mV 


Tj = 25°C, 5 mA < lo < 500 mA 




10 


180 


mV 


Tj = 25°C. 5 mA < Iq < 200 mA 


Quiescent Current 


■bias 




4.8 


6.0 


mA 


Tj = 25°C 


Quiescent Current Change 


aibias 






0.8 


mA 


27V<V|N<38V 






0.5 


mA 


5 mA < lo < 350 mA 


Output Noise Voltage 


vn 




100 




A'V 


Ta = 25°C, 10 Hz <f< 100 kHz 


Ripple Rejection 


RR 


53 


70 




dB 


Tj = 25°C, f = 120 Hz, 22 V < V|n < 32 V, Iq = 300 mA 


Dropout Voltage 






2.0 




V 


Ta = 25°C 


Sliort Circuit Current 


■OSHORT 




250 




mA 


Tj = 25°C.V|N = 35V 


Peak Output Current 


lOPEAK 




1.0 




A 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




-1.0 




mV/°C 


Iq = 5 mA 


Electrical Characteristics -/iPC78M24 

V|N = 27 V, lo = 350 mA, 0°C < Tj < 125°C 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


Vo 


23 


24 


25 


V 


Tj = 25°C 


22.8 




25.2 


V 


27 V < V|N < 38 V, 5 mA < Iq < 350 mA 


Line Regulation 


REGiN 




10 


100 


mV 


Tj = 25°C. 27 V < V|N < 38 V, \q = 200 mA 




5.0 


50 


mV 


Tj = 25°C,28V<V|N<38V 


Load Regulation 


REGl 




30 


480 


mV 


Tj = 25°C, 5 mA < lo < 500 mA 




10 


240 


mV 


Tj = 25°C. 5 mA < lo < 200 mA 


Quiescent Current 


■bias 




5.0 


6.0 


mA 


Tj = 25°C 


Quiescent Current Change 


AlBIAS 






0.8 


mA 


27 V < V|N < 38 V, lo = 200 mA 






0.5 


mA 


5 mA < lo < 350 mA 


Output Noise Voltage 


vn 




170 




A'V 


Ta = 25°C, 10Hz<f<100kHz 


Ripple Rejection 




50 


70 




dB 


Tj = 25°C, f - 120 Hz, 28 V < V|n < 38 V, Iq - 300 mA 


Dropout Voltage 






2.0 




V 


Ta = 25°C 


Short Circuit Current 


■OSHORT 




250 




mA 


Tj = 25°C,V|n = 35V 


Peak Output Current 


■OPEAK 




1.0 




A 


Tj = 25°C 


Output Voltage Drift 


AVfl/AT 




-1.2 




mV/°C 


l0 = 5mA,0°C<Tj<125°C 
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/yPC7800 SERIES 

THREE-TERMINAL 1 .0 A 

POSITIVE VOLTAGE REGULATORS 



Description 

The //PC7800 series of three terminal regulators are 
monolithic positive voltage regulators which feature 
internal current limiting and thermal shutdown. They 
are intended for use as fixed voltage regulators in a 
wide range of applications, including local on-card 
regulators where distribution with single point regula- 
tion is a problem. 

Features 

D Output current in excess of 1.0 A 
D No external components required 
D Internal thermal overload protection 
n Internal short circuit current limiting 



Pin Configuration 



m 



NEC 
JAPAN 
78XX 



/ f \ 

Input Gnd Output 



Equivalent Circuit 



iCDl 



5 J Da 



-[:^Qi3 Qio 



'■> 



r— *— — iC Q2 
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•> 



fC^iB 

R21 I 

■VA f i 



— O 
Input 
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> R10 > R3 < Rl4 
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Ordering Information 



Part 
Number 


Package 


Operating 

Temperature 

Range 


//PC7805H 


Plastic SIP 


-ZO°Cto+8G°C 


^PC7808H 


Plastic SIP 


-20°Cto+8G°C 


//PC7812H 


Plastic SIP 


-20°Cto+80°C 


yL/PC7815H 


Plastic SIP 


-20°Cto+80°C 


//PC7818H 


Plastic SIP 


-20°Cto+80°C 


//PC78Z4H 


Plastic SIP 


-20°Cto+80°C 


Absolute Maximum Ratings 


Input Voltage (ArPC7805/08/12/15/18) 


35 V 


Input Voltage (a(PC7824) 




40 V 


Internal Power Dissipation 




Internally Limited 


Operating Temperature Range 




-20 to +80 °C 


Storage Temperature Range 




-55to+150°C 


Operating Junction Temperature Range 


-20tol50°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Typical Application 



Input O • 

0.3Z/JF [Note 2] up Ci 



i.. 



/77 

Notes: 

[1] Althougti no output capacitor is needed 
for stability, it does improve transient 
response. 

[2] Required if regulator is located an appreci- 
able distance from power supply filter. 



Electrical Characteristics — //PC7805 

V|N = 10 V, lo = 500 mA, 0°C < Tj < 125°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


Vo 


4.8 


5.0 


5.2 


V 


Tj = 25«C 




4.75 




5.25 


V 


7 V < V|N < 20 V, 5 mA < Iq < 1.0 A. Pj < 15 W 


Line Regulation 


REGiN 




15 


100 


mV 


Tj = 25°C.7V<V|N<25V 






4 


50 


mV 


Tj = 25°C.8V<V|N<12V 


Load Regulation 


REGl 




4 


100 


mV 


Tj = 25°C.5mA<lo<1.5A 






2 


50 


mV 


Tj = 25°C, 250 mA<lo< 750 mA 


Quiescent Current 


'bias 




5.3 


8.0 


mA 


Tj = 25°C 


Quiescent Current Change 


^Ibias 






1.3 


mA 


7V<V|N<25V 








0.5 


mA 


5mA<lo<1.0A 


Output Noise Voltage 


vn 




40 


200 


/^Vrms 


Ta-25°C, 10Hz<f<100kHz 


Ripple Rejection 


RR 


62 


69 




dB 


Tj = 25°C,f = 120Hz.8V<V|N<18V 


Dropout Voltage 






1.8 




V 


l0 = 1.0A.Tj = 25<'C 


Short Circuit Current 


loSHORT 




1.1 




A 


Tj = 25°C,V|N = 25V 


Peal( Output Current 


•OPEAK 


1.7 


2.2 


2.8 


A 


Tj-25°C.V|N-10V 


Output Voltage Drift 


AVq/AT 




-0.4 




mV/°C 


lo = 5mA,0*'C<Tj<125''C 
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//PC7800 SERIES 



Electrical Characteristics 

V|N = 14 V, lo - 500 mA, 0°C < Tj 


-/iPC7808 

<125°C 










Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


Vo 


7.7 


8.0 


8.3 


V 


Tj = 25«C 




7.6 




8.4 


V 


10.5 V < V|N < 23 V. 5 mA < lo < 1.0 A. Pj < 15 W 


Line Regulation 


REGiN 




34 


160 


mV 


Tj - 25°C, 10.5 V<V|N< 25 V 






18 


80 


mV 


Tj = 25°C.ll V<V|N<17V 


Load Regulation 


REGl 




24 


160 


mV 


Tj = 25«C,5mA<lo<1.5A 






8 


80 


mV 


Tj = 25 ''C, 250 mA<lo< 750 mA 


Quiescent Current 


■bias 




4.7 


8.0 


mA 


Tj = 25''C 


Quiescent Current Change 


^'bias 






1.0 


mA 


10.5 V<V|N< 25 V 








0.5 


mA 


5mA<lo<1.0A 


Output Noise Voltage 


Vn 




50 


250 


/^Vrms 


TA = 25«C,10Hz<f<100kHz 


Ripple Rejection 


RR 


56 


63 




dB 


f = 120 Hz. 1 1.5 V<V|N< 21.5 V 


Dropout Voltage 






1.8 




V 


lo = 1.0A.Tj = 25<'C 


Short Circuit Current 


■OSHORT 




1.0 




A 


Tj = 25<'C,V|N = 25V 


Peak Output Current 


'OPEAK 


1.7 


2.3 


2.8 


A 


Tj-25*'C,V|N = 14V 


Output Voltage Drift 


AVfl/AT 




0.4 




mV/°C 


lo = 5mA,0<'C<Tj<125*'C 


Electrical Characteristics 

V|N = 19 V, lo = 500 mA, 0°C < Tj 


-//PC7812 

<125°C 










Symbol 




limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


Vo 


11.5 


12.0 


12.5 


V 


Tj-25«C 


11.4 




12.6 


V 


14.5V<V|N<27V.5mA<lo<1.0A.PT<15W 


Line Regulation 


REGiN 




44 


240 


mV 


Tj - 25<'C. 14.5 V<V|N< 30 V 




16 


120 


mV 


Tj = 25°C, 16V<V|N<22V 


Load Regulation 


REGl 




45 


240 


mV 


Tj = 25'>C,5mA<lo<1.5A 




16 


120 


mV 


Tj - 25°C, 250 mA<lo< 750 mA 


Quiescent Current 


■bias 




4.7 


8.0 


mA 


Tj-25«C 


Quiescent Current Change 


^'bias 






1.0 


mA 


14.5 V<V|N< 30 V 






0.5 


mA 


5mA<lo<1.0A 


Output Noise Voltage 


Vn 




70 


300 


^Vrms 


TA = 25°C,10Hz<f<100kHz 


Ripple Rejection 


RR 


55 


60 




dB 


f-120Hz.l5V<V|N<25V 


Dropout Voltage 






1.8 




V 


l0-1.0A,Tj = 25«C 


Short Circuit Current 


■oSHORT 




0.7 




A 


Tj = 25«'C.V|N = 30V 


Peak Output Current 


SOPEAK 


1J 


?3 


?.M 


A 


Tj = 25<'C,V|N = 19V 


Output Voltage Drift 


AVq/AT 




0.8 




mV/«>C 


lo = 5mA.0«C<Tj<125»C 
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Electrical Characteristics • 

V|N = 23 V, lo = 500 mA, OX < Tj 


-)wPC7815 

<125°C 










Symho! 






Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


GsRditisr.s 


Output Voltage 


Vo 




14.4 


15.0 


15.6 


V 


Tj = 25«'C 




14.25 




15.75 


V 


17.5 V < V|N < 30 V. 5 mA < lo < 1.0 A. Pj < 15 W 


Line Regulation 


REGiN 






46 


300 


mV 


Tj = 25°C, 17.5 V<V|N< 30 V 






22 


150 


mV 


Tj = 25°C.20V<V|N<26V 


Load Regulation 


REGl 






66 


300 


mV 


Tj = 25oC,5mA<lo<1.5A 






24 


150 


mV 


Tj = 25»C. 250 mA<lo< 750 mA 


Quiescent Current 


'bias 






4.7 


8.0 


mA 


Tj = 25oC 


Quiescent Current Cliange 


^Ibias 








1.0 


mA 


17.5 V<V|N< 30 V 








0.5 


mA 


5mA<lo<1.0A 


Output Noise Voltage 


Vn 






85 


400 


/^Vrms 


Ta = 25''C. 10 Hz <f< 100 kHz 


Ripple Rejection 


RR 




54 


58 




dB 


f = 120 Hz, 18.5 V<V|N< 28.5 V 


Dropout Voltage 








1.8 




V 


l0 = 1.0A,Tj = 25''C 


Short Circuit Current 


'OSHORT 






0.7 




A 


Tj = 25°C.V|N = 30V 


Peak Output Current 


'OPEAK 




1.7 


2.3 


2.8 


A 


Tj = 25''C,V|N = 23V 


Output Voltage Drift 


AVq/AT 






1.0 




mV/«C 


lo = 5mA.O°C<Tj<125''C 



Electrical Characteristics — //PC7818 

V|N = 27 V, lo = 500 mA, 0°C < Tj < 125 °C 





Symbol 




Limits 




Unit 


Test 


Parameter 


IVIin. 


Typ. 


IVIax. 


Conditions 


Output Voltage 


Vo 


17.3 


18.0 


18.7 


V 


Tj=:25°C 




17.1 




18.9 


V 


21 V < V|N < 33 V, 5 mA < Iq < 1 .0 A. Pj < 1 5 W 


Line Regulation 


REG,N 




52 


360 


mV 


Tj = 25°C.21 V<V|N<33V 






26 


180 


mV 


Tj-25°C,24V<V|N<30V 


Load Regulation 


REGl 




100 


360 


mV 


Tj-25°C,5mA<lo<1.5A 






32 


180 


mV 


Tj = 25*'C. 250 mA<lo< 750 mA 


Quiescent Current 


Ibias 




5.0 


8.0 


mA 


TJ-250C 


Quiescent Current Change 


aIbias 






1.0 


mA 


21 V<V|N<33V 








0.5 


mA 


5mA<lo<1.0A 


Output Noise Voltage 


Vn 




95 


450 


/^Vrms 


TA = 25''C,10Hz<f<100kHz 


Ripple Rejection 


RR 


53 


56 




dB 


f = 120Hz.22V<V|N<32V 


Dropout Voltage 






1.8 




V 


l0 = 1.0A.Tj = 25°C 


Short Circuit Current 


•oSHORT 




0.7 




A 


Tj = 25<>C,V|N = 33V 


Peak Output Current 


'opeak 


1.7 


2.3 


2.8 


A 


Tj = 25«C,V|N = 27V 


Output Voltage Drift 


AVq/AT 




1.2 




mV/^C 


lo = 5mA,0°C<Tj<125°C 



5-38 



NEC 



yuPCTSOO SERIES 



Electrical Characteristics 

V|N = 33 V, lo = 500 mA, 0°C < Tj 


-A/PC7824 

<125°C 










Symbol 






Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


iVIax. 


Conditions 


Output Voltage 


Vq 




23.0 


24.0 


25.0 


V 


Tj = 25«C 




22.8 




25.2 


V 


27V<V|N<38V.5mA<lo<1.0A.PT<15W 


Line Regulation 


REGiN 






64 


480 


mV 


Tj = 25°C.27V<V|H<38V 






34 


240 


mV 


Tj = 25°C.30V<V|N<36V 


Load Regulation 


REGl 






130 


480 


mV 


Tj = 25T5mA<lo<1.5A 






44 


240 


mV 


Tj = 25°C, 250 mA<lo< 750 mA 


Quiescent Current 


'bias 






5.0 


8.0 


mA 


Tj = 25*'C 


Quiescent Current Change 


^Ibias 








1.0 


mA 


27V<V|N<38V 








0.5 


mA 


5mA<lo<1.0A 


Output Noise Voltage 


Vn 






120 


500 


/^Vrms 


TA = 25''C,10Hz<f<100kHz 


Ripple Rejection 


RR 




50 


54 




dB 


f = 120Hz,28V<V|N<38V 


Dropout Voltage 








2.0 




V 


lo=.1.0A.Tj = 25°C 


Short Circuit Current 


'OSHORT 






0.4 




A 


Tj = 25*»C.V|N = 38V 


Peak Output Current 


■OPEAK 




1.7 


2.4 


2.8 


A 


Tj = 25»C.V|N = 33V 


Output Voltage Drift 


AVq/AT 






1.4 




mV/*»C 


lo = 5mA.O°C<Tj<125«C 



Operating Characteristics 

Ta = +25°C 



Worst Case Power Dissipation vs. 
Ambient Temperature 
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Operating Characteristics (Cent.) 

Ta = +25°C 

Dropout Voltage as a Function of Junction Temperature 
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PRELIMINARY INFORMATION 



//PC79L00 SERIES 

THREE-TERMINAL 0.1 A 

NEGATIVE VOLTAGE REGULATORS 



Description 

The //PC79L00 series is composed of four monolithic 
three terminal negative voltage regulators that employ 
current limiting, thermal shutdown, and output tran- 
sistor safe area protection. They are Intended as fixed 
voltage regulators in a wide range of applications, 
including local or on-card regulation for elimination of 
noise and distribution problems associated with single- 
point regulation. The four devices in the //PC79L00 
series (//PC79L05, 08, 12, and 15) have output voltage 
ratings of —5, —8, —12, and -15 volts, respectively. 

Features 

D Output current up to 100 mA 
D Internal thermal overload protection 
D Internal short circuit current limiting 
D Low noise 

Equivalent Circuit 



Pin Configuration 



NEC 
79L00 



GND Input Output 



D3i[ 




— K°^ 



I^ 



<<>= 



R14 < R22 - 



Rs I R4 ^ 




5 



> 



<o 



,7^^^;j_4 — VA — i — VA — I^Q 

— ^i^ 

■ R18 

D2X I — ^AV— " 

T "19 

i i — VA 
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Ordering Information 






Part 
Number 


Package 




Operating 

Temperature 

Range 


//PC79L05J 


T092 




-20''Cto+85«>C 


/yPC79L08J 


T092 




-20°Cto+85<'C 


//PC79L12J 


T092 




-20«Cto+85«C 


//PC79L18J 


T092 




-20°Cto+85<'C 


Recommended Operating Conditions 




Type 
Symbol Number 




Limits 


Parameter 


Min. 


Typ. Max. Unit 



Input Voltage 



V|N 



AfPC79L05 -7 -10 -20 
AfPC79L08 -10.5 -14 -23 
//PC79L12 -14.5 -19 -27 







A/PC79L15 


-17.5 -23 


-30 




Output Current 


lo 


All 


40 


70 


mA 


Operating Junction 
Temperature 


Tj 


All 


-20 75 


125 


°C 



Absolute Maximum Ratings 

(Ta = 25°C) 



Input Voltage 


-30 or -35 V (Note 1) 


Internal Power Dissipation 


700 mW 


Operating Ambient Temperature 


-20 to +85 ^C 


Storage Temperature 


-55to+150«C 


Operating Junction Temperature Range 


-20to + 150«C 


Thermal Resistance 


180«C/W 



Note: 

(1) -30Vfor//PC79L05, 08 
-35Vfor//PC79L12, 15 
Comment: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Electrical Characteristics ^yLrPC79L05 

V|N = -10 V, lo = 40 mA, OX < Tj < 125X 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


Vq 


-4.8 


-5.0 


-5.2 


V 


Tj = 25"»C 


-4.75 




-5.25 


V 


-7V<V|N<-20V,1mA<lo<40mA 


Line Regulation 


REGiN 




5 


60 


mV 


Tj = 25«C,-7V<V|N<-20V 


Load Regulation 


REGl 




10 


50 


mV 


Tj = 25»C.1mA<lo< 100 mA 


Quiescent Current 


■bias 




4.2 


6.0 


mA 


Tj = 25<'C 


Quiescent Current Change 


^Ibias 






0.5 


mA 


-7V<V|N<-20V,lo<40mA 






0.1 


mA 


V|N = -10V,1mA<lo<40mA 


Output Noise Voltage 


Vn 




100 




ywVrms 


Tj = 25"'C.10Hz<f<100kHz 


Ripple Rejection 


RR 


50 


70 




dB 


f = 120Hz,-8V<V|N<-18V. 
Tj = 25-C 




Vdif 




1.1 




V 


Tj = 25"»C 


Short Circuit Current 


Iqshort 




120 




mA 


Tj = 25''C.V|N = -20V 


Peak Output Current 


Iqpeak 




180 




mA 


Tj = 25<»C 


Output Voltage Drift 


AVq/AT 




0.4 




mV/°C 


lo = 5mA 
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Electrical Characteristics - 

V|N = -14 V, lo = 40 mA, 0°C < Tj : 


-//PC79L08 

<125°C 










Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


Vo 


-7.7 


-8.0 


-8.3 


V 


Tj = 25«C 


-7.6 




-8.4 


V 


-10.5 V<V|N< -23 V 


Line Regulation 


REGiN 




7 


60 


mV 


Tj = 25°C, -10.5 V<V|N< -23 V 


Load Regulation 


REGl 




12 


80 


mV 


Tj = 25«C.l mA<lo< 100 mA 


Quiescent Current 


■bias 




4.2 


6.0 


mA 


Tj = 25»C 


Quiescent Current Change 


^Ibias 






0.5 


mA 


-10.5V<V|N<-23VJo<40mA 






0.1 


mA 


V|N = -14V,lmA<lo<40mA 


Output Noise Voltage 


Vn 




110 




fjMrm 


Tj = 25«'C. 10Hz<f<100kHz 


Ripple Rejection 


RR 


50 


70 




dB 


f = 120Hz.-12V<V|N<-22V. 
Tj = 25°C 


Dropout Voltage 


Vqif 




1.1 




V 


Tj = 25<'C 


Short Circuit Current 


loSHORT 




85 




mA 


Tj = 25«'C.V|N--23V 


Peak Output Current 


'OPEAK 




180 




mA 


Tj=:25°C 


Output Voltage Drift 


AVq/AT 




0.6 




mV/°C 


lo = 5 mA 


Electrical Characteristics - 

V|N = -19 V, lo = 40 mA, 0°C < Tj 


-//PC79L12 

<125°C 










Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


Vo 


-11.5 


-12.0 


-12.5 


V 


Tj = 25«'C 


-11.4 




-12.6 


V 


-14V<V|N<-27V,lmA<lo<40mA 


Line Regulation 


REG,N 




9 


45 


mV 


Tj = 25«C, -14.5 V<V|N< -27 V 


Load Regulation 


REGl 




14 


100 


mV 


Tj = 25°C.lmA<lo< 100 mA 


Quiescent Current 


■bias 




4.2 


6.0 


mA 


Tj = 25°C 


Quiescent Current Change 


^Ibias 






0.5 


mA 


-14.5 V < V|N< -30 V.lo< 40 mA 






0.1 


mA 


V|N--19V,1mA<lo<40mA 


Output Noise Voltage 


Vn 




140 




//Vrms 


Tj = 25°C.10Hz<f<100kHz 


Ripple Rejection 


RR 


52 


70 




dB 


f-120Hz,-15V<V|N<-25V, 
Tj = 25''C 


Dropout Voltage 


Vdif 




1.1 




V 


Tj = 25''C 


Short Circuit Current 


•OSHORT 




40 




mA 


Tj = 25<'C.V|N = -27V 


Peal( Output Current 


Iqpeak 




180 




mA 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




0.8 




mV/^C 


lo-5mA 
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Electrical Characteristics - 

V|N = -23 V, lo = 40 mA, OX < Tj 


-/iPC79L15 

<126*»C 










3ymboi 




Limits 




unit 


Test 


rarameter 


min. 


Typ. 


max. 


Conditions 




Vo 


-14.4 


-15.0 


-15.6 


V 


Tj-:25»C 


Output Voltage 


-14.25 




-15.75 


V 


-17.5 V<V|N< -30 V. 
lmA<lo<40mA 


Line Regulation 


REGiN 




10 


45 


mV 


Tj = 25«'C. -17.5 V<V|N< -30 V 


Load Regulation 


REGl 




15 


125 


mV 


Tj = 25«'C, 1mA <lo< 100 mA 


Quiescent Current 


■bias 




4.2 


6.0 


mA 


Tj = 25''C 


Quiescent Current Change 


^Ibias 






0.5 


mA 


-17.5 V < V|N< -30 V.io< 40 mA 






0.1 


mA 


V|N = -23V.1mA<lo<40mA 


Output Noise Voltage 


Vn 




180 




A/Vrms 


T| = 25«C.10Hz<f<100i(Hz 


Ripple Rejection 


RR 


50 


67 




dB 


f = 120 Hz, -18.5 V<V|N< -28.5 V, 
Tj = 25«>C 


Dropout Voltage 


VOIF 




1.1 




V 


Tj = 25»C 


Short Circuit Current 


•OSHORT 




5 




mA 


Tj = 25«C,V|N = -30V 


Peak Output Current 


•OPEAK 




180 




mA 


Tj = 25«C 


Output Voltage Drift 


AVfl/AT 




1.0 




mV/«C 


lo = 5mA 



Typical Connection 

















: 








Cin: 






:CouT 










/i 


7 



— O Output 



C|n: 0.1 to 0.47 /uF; required if regulator is iocated 

an appreciabie distance from power supply filter. 
Cour ^ 0.22 //F [recommended mylar capacitor]. 



5-44 



NEC 

NEC Electronics Inc. 

PRELIMIKARY INFORMATION 



ArPC79M00 SERIES 

THREE-TERMINAL 0.5 A 

NEGATIVE VOLTAGE REGULATORS 



Description 

The//PC79M00 series is comprised of five monolitliic 
three terminal negative voltage regulators that employ 
current limiting, thermal shutdown, and output tran- 
sistor safe area protection. They are intended as fixed 
voltage regulators in a wide range of applications, 
including local or on-card regulation for elimination of 
noise and distribution problems associated with single- 
point regulation. Five output voltages are available: —5, 
-8, -12, -15, and -24 volts. 

Features 

n Output current up to 500 mA 
D Internal thermal overload protection 
D Internal short circuit current limiting 
D Low noise 

Equivalent Circuit 



Pin Configuration 





83-0031 19A 


roi^'"- 


NEC 
79M00 


1 3 2 

/ 1 \ 

GND Input Output 



R7 |o,W 



~HC° 



D3 2[ 




<°' 



5 



Re I 



Q19 



'~1 




<f 






-O Output 



022 



4—4 — VA 



• • 
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Ordering Information 



Part 
Number 


Package 




Operating 

Temperature 

Range 


fjpzimm 


SIP 




-ZO^Cto+BS^C 


//PC7gM08H 


SIP 




-zee to +85 ''C 


//PC79IVI12H 


SIP 




-20°Cto+85°C 


A/PC79IVI15H 


SIP 




-zo^cto+ssoc 


//PCTgiVIIBH 


SIP 




-zee to +85 *C 


Recommended Operating 


Conditions 




Type 
Symbol Number 




Limits 


Parameter 


Min. 


Typ. Max. Unit 



ArPC7giVI05 



-10 -25 



Input Voltage 



/WPC79IVI08 -10.5 -14 -25 

V|N //PC79IVI12 -14.5 -19 -30 

/t/PC79IVI15 -17.5 -23 -30 







fjPCimzA 


-27 -; 


33 -38 




Output Current 


lo 


All 


5 


350 


mA 


Operating Junction 
Temperature 


Tj 


All 


-20 


125 


°C 



Absolute Maximum Ratings 

(Ta = 25°C) 



Input Voltage 


-35 V 


Internal Power Dissipation 


20 W (Note 1) 


Operating Ambient Temperature 


-20 to +85 «C 


Storage Temperature 


-55 to +1 50 ''C 


Junction to Case Thermal Resistance 


4.0 '^C/W 


Junction to Air Thermal Resistance 


83»C/W 



Note: (1) Output automatically turns off if Tj > 150°C. 
Comment: Stresses above those listed under "Absolute IViaximum 
Ratings" may cause permanent damage to tiie device. Tiiis is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Electrical Characteristics — //PC79M05 

V|N = -10 V, lo = 350 mA, 0°C < Tj < 125X 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


IVIax. 


Conditions 


Output Voltage 


Vo 


-4.8 




-5.2 


V 


Tj-25«C 


-4.75 




-5.25 


V 


-7V<V|N<-25V, 
5mA<lo<350mA 


Line Regulation 


REGiN 




7.0 


50 


mV 


Tj = 25«C.-7V<V|N<-25V 




3.0 


30 


mV 


Tj = 25''C,-8V<V|N<-18V 


Load Regulation 


REGl 




30 


100 


mV 


Tj = 25°C,5mA<lo<500mA 




20 




mV 


Tj = 25°C.5mA<lo<350mA 


Quiescent Current 


■bias 




4.2 


6.0 


mA 


Tj = 25«C 


Quiescent Current Change 


^Ibias 






0.5 


mA 


-8V<V|N<-25mA 






0.4 


mA 


5mA<lo<350mA 


Output Noise Voltage 


Vn 




100 


200 


yuVrms 


Tj = 25'>C,l = 10HztolOOkHz 


Ripple Rejection 


RR 


54 
50 


60 




dS 
dB 


Tj = 25''C lo = 300 mA 
-8V<V|N<-18V. , ,^^ ^ 
f = 120Hz lo = 100 mA 


Dropout Voltage 


VdIF 




1.1 




V 


Tj = 25«C 


Short Circuit Current 


•OSHORT 




400 




mA 


Tj = 25«C.V|N = -25V 


Peal( Output Current 


'OPEAK 


620 


800 


1020 


mA 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




0.4 




mV/'C 


Iq = 5 mA 
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Electrical Characteristics ~ 

V|N = -14 V, lo = 350 mA, 0°C < Tj 


-/iPC79iyi08 

<125°C 










Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 




Vo 


-7.7 


-8.0 


-8.3 


V 


Tj = 25''C 


Output Voltage 


-7.6 




-8.4 


V 


-10.5 V<V,N< -25 V. 
5mA<io<350mA 


Line Regulation 


REGiN 




8.0 


80 


mV 


Tj = 25»C. -10.5 V<V|N< -25 V 




4.0 


50 


mV 


Tj = 25oC.-11 V<V|N<-21 V 


Load Regulation 


REGl 




30 


160 


mV 


Tj = 25''C.5mA<lo<500mA 




20 




mV 


Tj = 25»C.5mA<lo<350mA 


Quiescent Current 


(BIAS 




4.2 


6.0 


mA 


Tj = 25<'C 


Quiescent Current Change 


^'bias 






0.5 


mA 


-10.5 V<V|N< -25 mA 






0.4 


mA 


5mA<lo<350mA 


Output Noise Voltage 


Vn 




110 


220 


//Vrms 


Tj = 25«'C.f-10Hzto100kHz 


Ripple Rejection 


RR 


54 
50 


60 




dB 
dB 


Tj = 25°C lo = 300 mA 

-11V<V,N<-21.5V. 

f = 120Hz lo- 100 mA 


Dropout Voltage 


Vqif 




1.1 




V 


Tj-25°C 


Short Circuit Current 


Iqshort 




400 




mA 


Tj = 25<'C.V|N = -25V 


Peak Output Current 


■OPEAK 


620 


800 


1020 


mA 


Tj = 25oC 


Output Voltage Drift 


AVq/AT 




0.6 




mV/^C 


Iq = 5 mA 


Electrical Characteristics - 

V|N = -19 V, lo = 350 mA, 0°C < Tj 


-AiPC79M12 

<125X 










Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 




Vo 


-11.5 


-12.0 


-12.5 


V 


Tj-25°C 


Output Voltage 


-11.4 




-12.6 


V 


-14V<V|N<-30V. 
5mA<lo<350mA 


Line Regulation 


REGin 




9.0 


80 


mV 


Tj = 25°C. -14.5 V<V|N< -30 V 




5.0 


50 


mV 


Tj = 25*'C,-15V<V|N<-25V 


Load Regulation 


REGl 




30 


240 


mV 


Tj-25°C.5mA<lo<500mA 




20 




mV 


Tj = 25°C.5mA<lo<350mA 


Quiescent Current 


'BIAS 




4.2 


6.0 


mA 


Tj = 25oC 


Quiescent Current Change 


^'bias 






0.5 


mA 


-14.5 V<V|N< -30 mA 






0.4 


mA 


5mA<lo<350mA 


Output Noise Voltage 


Vm 




140 


280 


AfVrms 


Tj = 25''C.f = 10Hzto100kHz 




RR 


54 


60 




dB 


Tj = 25»C lo = 300 mA 


Ripple Rejection 


50 






dB 


-15V<V,N<-25V. 

f- 120 Hz lo = 100 mA 


Dropout Voltage 


Vdif 




1.1 




V 


Tj = 25"'C 


Short Circuit Current 


Iqshort 




200 




mA 


Tj = 25»C.V|N = -30V 


Peak Output Current 


■opeak 


620 


800 


1020 


mA 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




0.8 




mV/«C 


lo = 5mA 
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Electrical Characteristics - 

V|N = -23 V, lo = 350 mA, 0°C < Tj 


.A/PC79M15 

<125**C 










Symbol 




Limits 




Unit 


Tpst 


Parameter 


Min. 


Typ. 


iVIax. 






Vo 


-14.4 


-15.0 


-15.6 


V 


Tj = 25«'C 


Output Voltage 


-14.25 




-15.75 


V 


-17.5V<V|N<-30V. 
5mA<lo<350mA 


Line Regulation 


REGiN 




9.0 


80 


mV 


Tj = 25<'C. -17.5 V<V|N< -30 V 




7.0 


50 


mV 


Tj = 25*>C,-18V<V|N<-28V 


Load Regulation 


REGl 




30 


240 


mV 


Tj = 25«'C.5mA<lo<500mA 




20 




mV 


Tj = 25»C.5mA<lo<350mA 


Quiescent Current 


'bias 




4.2 


6.0 


mA 


Tj = 25<'C 


Quiescent Current Change 


^"bias 






0.5 


mA 


-17.5 V<V|N< -30 mA 






0.4 


mA 


5mA<lo<350mA 


Output Noise Voltage 


Vn 




180 


360 


AfVrms 


Tj = 25«C.f = 10Hzto100kHz 


Ripple Rejection 


RR 


54 
50 


60 




dB 
dB 


Tj = 25<'C lo = 300 mA 

-18.5 V<V,N< -28.5 V. 

f = 120Hz lo = 100 mA 


Dropout Voltage 


Vdif 




1.1 




V 


Tj = 25«C 


Short Circuit Current 


Iqshort 




200 




mA 


Tj-25''C,V|N = -30V 


Peak Output Current 


•OPEAK 


620 


800 


1020 


mA 


Tj = 25'>C 


Output Voltage Drift 


AVq/AT 




1.0 




mV/«C 


ifl = 5 mA 


Electrical Characteristics - 

V|N = -33 V, lo = 350 mA, 0°C < Tj 


-A/PC79M24 

<125°C 










Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


IMax. 


Conditions 




Vo 


-23.0 


-24.0 


-25.0 


V 


Tj = 25''C 


Output Voltage 


-22.8 




-25.2 


V 


-27V<V|N<-38V. 
5mA<lo<350mA 


Line Regulation 


REGiN 




9.0 


80 


mV 


Tj = 25''C.-27V<V|N<-38V 




5.0 


50 


mV 


Tj = 25«C.-30V<V|N<-36V 


Load Regulation 


REGl 




30 


360 


mV 


Tj = 25''C.5mA<lo<500mA 




20 




mV 


Tj = 25«C.5mA<lo<350mA 


Quiescent Current 


ieiAS 




4.2 


6.0 


mA 


Tj = 25*'C 


Quiescent Current Change 


^Ibias 






0.5 


mA 


-27V<V|N<-38mA 






0.4 


mA 


5mA<lQ<350mA 


Output Noise Voltage 


Vn 




300 


600 


yuVrms 


Tj = 25°C.f = 10Hzto100kHz 


Ripple Rejection 


RR 


54 
50 


59 




dB 
dB 


Tj = 25«C lo = 300 mA 

-28V<V,N<-38V. 

f = 120Hz lo = 100 mA 


Dropout Voltage 


Vdif 




1.1 




V 


Tj = 25«C 


Short Circuit Current 


loSHORT 




10 




mA 


Tj-25''C.V|N = -38V 


Peak Output Current 


Iqpeak 


620 


800 


1020 


mA 


Tj = 25''C 


Output Voltage Drift 


AVq/AT 




1.4 




mV/°C 


Iq = 5 mA 
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Typical Connection 



— O Output 



C|n: 0.1 to 0.47 /yF; required if regulator is located 

an appreciable distance from power supply filter. 
Cout: > 0.22 /uF [recommended mylar capacitor]. 
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//PC7900 SERIES 

THREE-TERMINAL 1.0 A 

NEGATIVE VOLTAGE REGULATORS 



Description 

The //PC7900 series of three terminal regulators are 
monolithic negative voltage regulators which feature 
internal current limiting and thermal shutdown. They 
are intended for use as fixed voltage regulators in a 
wide range of applications, including local on-card 
regulators where distribution with single point regula- 
tion is a problem. 

Features 

D Output current in excess of 1 .0 A 
D No external components required 
D Internal thermal overload protection 
D Internal short circuit current limiting 

Equivalent Circuit 



Pin Configuration 













J 






\^^\ 






NEC 




JAPAN 








79XXH 






1 3 2 




/ t \ 




Gnd Input Output 






83-002523A 
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Ordering Information 



Typical Application 



Part 
Number 


Package 


Operating 

Temperature 

Range 


//PC7g05H 


Plastic SIP 


-2G°Cto+80°C 


AfPC7g08H 


Plastic SIP 


-20°Cto+80°C 


//PC7912H 


Plastic SIP 


-20°Cto+80°C 


//PC7915H 


Plastic SIP 


-20°Cto+80°C 


//PC7918H 


Plastic SIP 


-20°Cto+80°C 


/yPC7924H 


Plastic SIP 


-2G°Cto+8G°C 


Absolute Maximum Ratings 


Input Voltage (//PC7905/08/1Z/15/18) 


-35 V 


Input Voltage (//PC7924) 




-40 V 


Internal Power Dissipation 




Internally Limited 


Operating Temperature Range 




-20 to +80°C 


Storage Temperature Range 




-55to+l50''C 


Operating Junction Temperature 
Range 


-20tol25°C 



3 












A(PC79XX 


2 


Input 






Output 

(2) more 
than 
0.33 //F 

7 

83-002539A 


(1)0.33/uF 


1 


/7 

Motes: (1) Mylar film type capacitors are 
recommended. 
(2) Required if regulator is located an 
appreciable distance from power 
supply filter. 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Electrical Characteristics —/uPC7 905 

V|N = -10 V, lo = -500 mA, 0°C < Tj < 125°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


(Max. 


Conditions 


Output Voltage 


vo 


-4.8 


-5.0 


-5.2 


V 


Tj = 25°C 


-4.75 




-5.25 


V 


-7 V < V|N < -20 V, -5 mA < lo < -1.0 A, Pt < 15 W 


Line Regulation 


REGiN 




3 


1GG 


mV 


Tj = 25°C.-7V<V|N<-25V 






1 


50 


mV 


Tj = 25°C,-8V<V|N<-12V 


Load Regulation 


REGl 




7G 


15G 


mV 


Tj = 25°C,-5mA<lo<-1.5A 






20 


80 


mV 


Tj = 25°C, -250 mA < Iq < -750 mA 


Quiescent Current 


■bias 




1.0 


2.G 


mA 


Tj = 25''C 


Quiescent Current Cliange 


aibias 






1.3 


mA 


-7V<V|N<~25V 






0.5 


mA 


-5mA<lo<-1.GA 


Output Noise Voltage 


Vn 




100 




/^Vrms 


Ta = 25''C, 10 Hz <f< 100 kHz 


Ripple Rejection 


RR 


54 


62 




dB 


f = 120 Hz. -8 V < V|N < -18 V. lo = -500 mA 


Dropout Voltage 






1.1 




V 


l0 = -1.0A,Tj = 25«C 


Peak Output Current 


iOPEAK 




-2.1 




A 


Tj = 25''C 


Output Voltage Drift 


AVo/AT 




-0.4 




mV/^C 


lo = -5 mA, 0*^0 <Tj<125«C 
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Electrical Characteristics — 

V|N = -14 V, lo = -500 mA, 0°C < 


//PC7908 

Tj<125°C 










Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


il/lax. 


Conditions 


Output Voltage 


vo 


-7.7 


-8.0 


-8.3 


V 


Tj = 25°C 


-7.6 




-8.4 


V 


-1 0.5 V < V|N < -23 V, -5 mA < lo < -1 .0 A, Pt < 1 5 W 


Line Regulation 


REGiN 




6.0 


160 


mV 


Tj = 25°C. -10.5 V<V|N< -25 V 




2.0 


80 


mV 


Tj = 25°C.-11V<V|N<-17V 


Load Regulation 


REGl 




80 


200 


mV 


Tj = 25°C.-5mA<io<-1.5A 




30 


100 


mV 


Tj = 25°C. -250 mA < lo < -750 mA 


Quiescent Current 


■bias 




1.0 


2.0 


mA 


Tj = 25°C 


Quiescent Current Change 


aibias 






1.0 


mA 


-10.5 V<V|N< -25 V 






0.5 


mA 


-5mA<lo<-1.0A 


Output Noise Voltage 


Vn 




200 




/'Vrms 


Ta = 25°C, 10Hz<l<100kHz 


Ripple Rejection 


RR 


54 


62 




dB 


f = 120 Hz. -1 1.5 V < V|N < -21.5 V. Iq = -500 mA 


Dropout Voltage 






1.1 




V 


l0 = -1.0A,Tj = 25°C 


Peak Output Current 


■OPEAK 




-2.1 




A 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




-0.6 




mV/°C 


i0 = -5mA.0°C<Tj<125°C 


Electrical Characteristics — 

V|N = -19 V, lo = -500 mA. 0°C < 


/yPC7912 

Tj<125°C 










Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


IVIax. 


Conditions 


Output Voltage 


Vo 


-11.5 


-12.0 


-12.5 


V 


Tj = 25^C 


-11.4 




-12.6 


V 


-14 V < V|N < -27 V. -5 mA < Iq < -1.0 A, Pj < 15 W 


Line Regulation 


REGiN 




10 


240 


mV 


Tj = 25°C. -14.5 V<V|N< -30 V 




3.0 


120 


mV 


Tj = 25"'C.-16V<V|N<-22V 


Load Regulation 


REGl 




85 


240 


mV 


Tj = 25°C,-5mA<io<-1.5A 




30 


120 


mV 


Tj = 25°C, -250 mA < Iq < -750 mA 


Quiescent Current 


ibias 




1.5 


3.0 


mA 


Tj = 25<'C 


Quiescent Current Change 


aibias 






1.0 


mA 


-14.5 V<V|N< -30 V 






0.5 


mA 


-5mA<lo<-1.0A 


Output Noise Voltage 


Vn 




30Q 




/^Vrms 


Ta = 25''C, 10Hz<f<100kHz 


Ripple Rejection 


RR 


54 


62 




dB 


f = 120 Hz. -15 V < V|N < -25 V, Iq = -500 mA 


Dropout Voltage 






1.1 




V 


l0 = -1.0A,Tj = 25*'C 


Peak Output Current 


■opeak 




-2.1 




A 


Tj = 25''C 


Qutpyt MUm Ml 


AVq/AT 




0.8 




mV/^C 


!0-"-5mA,0°C<Tj<125°C 
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Electrical Characteristics — 

V|N - -23 V, lo = -500 mA, 0°C < 


//PC7915 

Tj<125°C 










Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


vo 


-14.4 


-15.0 


-15.6 


V 


Tj = 25°C 


-14.25 




-15.75 


V 


-17.5 V < V|N < -30 V. -5 mA < lo < -1.0 A, Pj < 15 W 


Line Regulation 


REGiN 




11 


300 


mV 


Tj = 25°C, -17.5 V<V|N< -30 V 






3.0 


150 


mV 


Tj = 25°C,-20V<V|N<-26V 


Load Regulation 


REGl 




90 


300 


mV 


Tj = 25°C,-5mA<lo<-1.5A 




30 


150 


mV 


Tj = 25°C, -250 mA < [q < -750 mA 


Quiescent Current 


'bias 




1.5 


3.0 


mA 


Tj = 25°C 


Quiescent Current Ciiange 


aibias 






1.0 


mA 


-17.5 V<V|N< -30 V 








0.5 


mA 


-5mA<lo<-1.0A 


Output Noise Voltage 


Vn 




375 




fj^ms 


TA = 25°CJ0Hz<f<100kHz 


Ripple Rejection 


RR 


54 


60 




dB 


f = 120 Hz. -18.5 V < V|N < -28.5 V, Iq = -500 mA 


Dropout Voltage 






1.1 




V 


l0 = -1.0A.Tj = 25°C 


Peak Output Current 


'OPEAK 




-2.1 




A 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




-1.0 




mV/°C 


l0 = -5mA, 0°C<Tj<125°C 


Electrical Characteristics — 

V|N = -27 V, lo - -500 mA, 0°C < 


A(PC7918 

Tj<125°C 










Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 




Output Voltage 


Vo 


-17.3 


-18.0 


-18.7 


V 


Tj = 25°C 


-17.1 




-18.9 


V 


-21 V < V|N < -33 V, -5 mA < lo < -1 .0 A. Pt < 1 5 W 


Line Regulation 


REGiN 




15 


360 


mV 


Tj = 25°C,-21 V<V|N<-33V 




5.0 


180 


mV 


Tj-25°C,-24V<V|N<-30V 


Load Regulation 


REGl 




90 


360 


mV 


Tj = 25°C,-5mA<lo<-1.5A 






30 


180 


mV 


Tj = 25°C, -250 mA < Iq < -750 mA 


Quiescent Current 


■bias 




1.5 


3.0 


mA 


Tj = 25°C 


Quiescent Current Ctiange 


aibias 






1.0 


mA 


-21 V < V|N < -33 V 








0.5 


mA 


-5mA<lo<-1.0A 


Output Noise Voltage 


Vn 




450 




A'Vrms 


Ta = 25°C, 10 Hz <f< 100 kHz 


Ripple Rejection 


RR 


54 


60 




dB 


f = 1 20 Hz, -22 V < V|N < -32 V, lo = -500 mA 


Dropout Voltage 






1.1 




V 


l0 = -1.0A,Tj = 25°C 


Peak Output Current 


lOPEAK 




-2.1 




A 


Tj = 25°C 


Output Voltage Drift 


AVq/AT 




-1.0 




mV/°C 


l0 = -5mA,0°C<Tj<125°C 
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Electrical Characteristics -//PC7924 

V|N = -33 V, lo = -500 mA, 0°C < Tj < 125°C 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


vo . 


-23.0 


-24.0 


-25.0 


V 


Tj = 25°C 


-22.8 




-25.2 


V 


-27 V < V|N < -38 V. -5 mA < Iq < -1.0 A 


Line Regulation 


REGiN . 




18 


480 


mV 


Tj = 25°C.-27V<V|N<-38V 




6 


240 


mV 


Tj = 25°C.-30V<V|M<-36V 


Load Regulation 


REGl . 




90 


480 


mV 


Tj = 25°C,-5mA<lo<-1.5A 




30 


240 


mV 


Tj = 25°C, -250 mA < Iq < -750 mA 


Quiescent Current 


■bias 




1.5 


3.0 


mA 


Tj = 25°C 


Quiescent Current Change 


aibias • 






1.0 


mA 


-27V<V|N<-38V 






0.5 


mA 


-5mA<lo<-1.0A 


Output Noise Voltage 


Vn 




600 




/^Vrms 


Ta = 25°C. 10Hz<f<100l(Hz 


Ripple Rejection 


RR 


51 


59 




dS 


f = 120 Hz. -28 V < V|N < -38 V. Iq = -500 mA 


Dropout Voltage 






1.1 




V 


l0 = -1.0A.Tj = 25°C 


Peak Output Current 


■OPEAK 




-2.1 




A 


Tj = 25°C 


Output Voltage Drift 


AVfl/AT 




-1.0 




mV/°C 


l0 = -5mA.0°C<Tj<125°C 



Operating Characteristics 

Ta = 25°C 

Power Dissipation vs. Ambient Temperature 



















^ ens =0 








■^^ 


^ ens =10 


°c/w 






.-^ 


^ No Heat 
< 


>ink 






-><. 


\ 








X ^ 


n} 










\ 




















^ 





75 100 

Ambient Temperature (°C ) 



Current Limiting Characteristics 





















































/ 




V, =-10V 
/yPC7905H 
Tj = 25 °C 






y 


/ 










-^ 






Output Current (A) 
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Operating Characteristics (Cont.) 

Ta = 25°C 



Peak Output Current as a 
Function of Input/Output Differential Voltage 



Load Transient Response 

















































































^^ 
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X 


Tj- 


25°C 






















N 




















Tj 


= 125 


°c 


N 


























N 




















'x 


•v 




N 




















V 


^^ 




X 


























"^ 





































































/ 








\ 






i_J k '< i ^ k k '< f^ 








K 




























ny 






1 i 
















/iPC7905H 





































Input-Output Differential (V) 



Time (/ys) 



Line Transient Response 



Output Impedance as a Function of Freauency 
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/yPC7905H 


' 


:: 




IZZ^ 








= 
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CONVERTERS 



SEC 



Section 6 — D/A and A/D Converters 

DigJtal-to-Analog 

//PC603 6-Bit High-Performance D/A Converter 6-1 

//PC610 10-Bit Polarized D/A Converter 6-9 

JJPC624 8-Bit Higli-Speed Multiplying D/A Converter 6-17 

//PC6012 12-Bit High-Speed Multiplying D/A Converter 6-27 

//PD6900 8-Bit CMOS Video D/A Converter 6-35 

AfPD701 1 8-Bit NMOS D/A Converter 6-39 

Analog-to- Digital 

//PD6950 8-Bit CMOS Video A/D Converter 6-45 

//PD7001 8-Bit CMOS Serial Output A/D Converter 6-51 

/;PD7002 10-Bit CMOS Integrating A/D Converter 6-59 

fjPDJOOS 8-Bit CMOS High-Speed A/D Converter 6-69 

yuPD7004 10-Bit CMOS Successive Approximation A/D Converter 6-75 
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NEC 

NEC Electronics Inc. 



//PC603 

6-BIT HIGH-PERFORMANCE 

D/A CONVERTER 



Description 

The//PC603 is a nnonoiitliic digital-to-analog converter 
designed to convert 6-bit binary coded decinnal signals 
to an analog output voltage signal. The reference volt- 
age, weighted current source, current switch, and output 
op-annp, are all integrated on board the device. 



Features 

D Linearity error: 0.4% (1 /4 LSB of 6-bit) max 

n Response speed: 3 fjs max 

D Temperature coefficient at full speed: 160 ppm/°C 
max 

D Input level TTL, DTL level, active low 

n The output voltage range can be applied to any of the 
3 following ranges: to 10 V, -5 to +5 V, -10 to +10 V 

D Built-in output short-circuit protection 

n Possesses a linearity equivalent to that of a 7-bit con- 
verter, and can be used as a 7-bit D/A converter by 
the addition of external circuits 

D Pin-for-pin compatible with PMI's "DAC-01C" 

Ordering Information 



Pin Configuration 



Part 

Number Package 


Operating 

Temperature 

Range 


//PC603D Ceramic DIP 


-20°Cto+80°C 


Absolute Maximum Ratings 

Ta = 25°C 


Voltage Between V+ and V- 


+18V 


Power Dissipation 


500 mW 


Input Voltage 


-0.7 to +6 V 


Output Short Circuit Duration 


Indefinite 


Operating Temperature Range 


-20 to +80°C 


Storage Temperature Range 


-55to+15D°C 



Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



MSB C 1 


\y 


14 3 F.S. Adjust 


2nd C 2 




13 3 v- 


3rd E 


3 


O 


12 H Bipolar/Unipolar 


4th C 


4 


o 


11 U Current Adder 


5th C 


5 


"k 


10 3 F.S. Range Setting 


LSB C 


6 




9 3 GUD 


v+ C 


7 




8 3 Analog Output 



Pin Identification 




Pin 


Name 


Function 


1 


MSB 


Data Bit 1 


2 


2nd 


Data Bit 2 


3 


3rd 


Data Bit 3 


4 


4th 


Data Bit 4 


5 


5th 


Data Bit 5 


6 


LSB 


Data Bit 6 


7 


V+ 


Power Supply Positive 


8 


Analog Output 




9 


Ground 


Power Suppiy Ground 


10 


F.S. Range 


Fuil Scaie Range Setting 


11 


Current Adder 




12 


Bipolar/Unipolar 


Bipoiar/Unipolar Controi 


13 


V- 


Power Supply Negative 


14 


F.S. Adj. 


Full Scale Adjust 
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Equivalent Circuit 



MSB 

P 



vref"z: 



2nd 

9 

2 



3rd 



3 



5th 

9 

5 



Current Scale 

V+ Adder Setting 

Q 9 Q 
11 



14 
6 
F.S. Adjust 



6 
V- 




C> 



o 

Bipolar/Unipolar GND 



^_ Analog 
8"^ Output 
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Electrical Characteristics 

Ta = +25°C,V± = ±15V 






Symbol 




Limits 




Test 
Unit Conditions 




Parameter 


Min. 


Typ. 


Max. 




Linearity Error 




NL 






0.4 


%PSR Fig. 1.2. 3 










0.45 


%PSR Fig.l.2.3;TA = -20to+80°C 




Fuil Scale Temperature 
Coefficient (Note 2) 




Alps 
ipS-AT 




80 


160 


ppm/°C Fig. 1 eacli bit "ON" after FS adjust Ta = 
FSR 


-20 to +80 "C 



Low Level Input Voltage (Note 4) 


V|L 




0.5 


V 


Bit "ON" 


Higli Level Input Voltage (Note 4) 


V|H 


2.1 




V 


Bit "OFF" 


Input Terminal Current 


l|N 




5.0 


//A 


0V<V|N<5V 



Analog Output Offset Voltage: 

Unipolar 25 mV Fig. 1 each bit "OFF" without FS adjust Ta = -20 to +80 °C 

B^olar (Note's) ' * ^!' ' * ' ' ^* * ' ^^!!'^^ 

1 00 mV Fig. 3; ±1 V output without FS adjust 

lotTij vIl BL5 V 

JotM) V|H 2.1 V 

l|N 5.0 fjk 

Analog Output FS Voltage: 

Unipolar +10.00 +1 1.75 V Rl = 2 kO Fig. 1; without FS adjust 

os„„,„ +4.93 +5.94 V Fig. 2; ±5 V range; Ri = 2 kO without ofiset adjust and 

-i-9]86 +i i.89 V Fig. 3; ±10 V rangi: Rl =2 kQ wiilioui onset adjusi and FS 
-11.89 -9.86' " ' " v" " "*'"' 

rSS '^ 8.15 %FSR/V ±12V<V±<±I8V 

Settling Time (Note 5) Ts 3 //s Error < V2 LSB. R|. = 5 kO. Cl = 30 pF 

Power Consumption Pq 250 mW 

Notes: 1. %FSR and ppm FSR are the percentage and parts per million against full scale, respectively. 

2. The average value of the differential coefficient at Tc = —20 to +80° C. 

3. Care should be taken, since the temperature drift after bipolar offset adjustment has been made will become larger for ICs in which 
the offset voltage of the bipolar analog output is larger than the LSB value. 

4. The input is active "Low." 

5. When the load capacitance exceeds 30 pF there is a possibility of oscillation. 
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Typical Applications 

Unipolar Operation, Output OtoWV Range 



Bipolar Operation (2), -10 V to +10 V Output 











0.01 d=. 500 > 






m 
Analog Output 


/ 


""■ 






n 


[— O Vo 


F.S. Adjust 


14 1 
1 


3 12 11 10 9 8 

MPC603D 
2 3 4 5 6 7 




















O +15V 














- 


= 0.01 


6 A A A 4 A /^ 

A B C D E F 


(MSB) 


(LSB) 


Digital Input 

6 Bit Binary Code 

Active Low 


Example 

Input Output 
111111 = O.OOV 
100000 = 4.92 V 
011111 = 5.08V 
000000 = 10.00 V 




83-002365A 



-15V O- 



r 
■J 



Bipolar Offset 



d 



>1M rh 



-0+15V 



Analog 
Output 



14 13 12 11 10 9 8 

MPC603D 
1 2 3 4 5 6 7 



6 6 O O ^ 
A B C D E F 
(MSB) (LSB) 



— O +15V 
0.01 



Input 6 Bit Offset 
Binary code 
Active Low 



Example 

Input Output 

111111 = -10.00 V 

100000 = -0.16 V 

011111 = +0.16 V 

000000 = +10.00 V 



Bipolar Operation (1), Output -5 Vto-\-5V Range 



T 



500 

n 



Bipolar Offset 
V\\ — 



-O +15V 



n 



r 



Analog Output 
Vo 



14 13 12 11 10 9 8 
MPC603D 

12 3 4 5 6 7 



6 6 6 6 6 6 

ABODE F 



Digital Input 


Example 




6 Bit Offset 


Input Output 




Binary code 


111111 -- -5.00V 




Active Low 


100000 ^ -0.08 V 
0111-11 = +0.08 V 
000000 = +5.00 V 


83-002366A 



Compensation against Capacitive Loads (1) 








100 






11 

MPC603D 




D The 10 
than 10 

D Care s 
increas 


s stable against capacitive loads 

OpF. 

hould be taken, since the settlir 

e to about 5 //s. 


of less 

ig time will 

83-002368A 
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Typical Applications (Cent.) 

Compensation against Capacitive Loads (2) 



+15V 
O 



10 9 8 
MPC603D 



-O Output 




-15V 



D This method can be applied only to the to 10 V and 

±5 V output ranges. 
D It is possible to connect such operational amplifiers 

as /uPC318 etc. to the 8 pin as a voltage follower. 



7-Bit D/A Converter 



1S953 
1S953 



;; ???t?T r 



1S953 Analog Output 



14 13 12 11 10 9 

MPC603D 
1 2 3 4 5 6 7 



MSBAQ- 
BO- 

co- 

DO- 

eO- 

FO- 
LSBGO- 



D The linearity error can be reduced by adjusting the 

3 MO resistor. 
D The output voltage may be set to any of the 3 

ranges, with the circuits of figure 1, 2 and 3. 



Operating Characteristics 

Output Response (1) 



> 
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Output Response (2) 
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Glitch Waveform at 1 /2 Scale 
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Application Circuits 

Progressive comparison type A/D converter 



Input : to 10 V 
Output : 6-bit straight binary 
(parallel, serial) 



n 



JZL 



1 



14 13 12 11 10 9 8 

MPC603D 
1 2 3 4 5 6 7 



Sample and 
Hold 



. Analog Input 
'0~10V 






Sample/Hold 



Comparator 



' 0+ 



A 



D Q 

D-FF 

T 
Clear 



D Q 
D-FF 

T 
Clear 



1—4- 



r^k 



Qi Qj Q3 Q4 Qs Qe Q7 Qs 

Clock 

8-Blt Ring Counter 



Note: D-FF Is an Edge Trigger Type 



D Q 

D-FF 

T 
Clear 



I — D Q -^ 



D Q 

D-FF 

T 
Clear 



D Q 
D-FF 

T 
Clear 



A 



D Q 

D-FF 



J^ J2 V3 J4 w5 Jg 

^^'i 6-Blt Latch 

nable " " *^ 

Qi Qa Q3 Q4 Qs Qe 



TTTTTT 



LSB 



Straight Binary 
Series Output 



O 
Straight Binary 
Series Output 
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Application Circuits (Cent.) 

Tracking type AID converter 



Input : to 10 V 

Output : 6-bit straight binary 



-15V 

O 



Analog Input 
Q 



id 



1 



14 13 12 11 10 9 

MPC603D 
12 3 4 5 6 



AAAAAA 



I — O +15V 

:= 0.01 

m 



Qe Qs Q4 Q3 Q2 Qi 

Up Down Counter 

Clock UP/DOWN 



^ 



J-LTL 

Clock 



6 6 6 6 6 

LSB MSB 

Straight Binary Output 
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/uPceio 

10-BIT POLARIZED 
D/A CONVERTER 



Description 

The//PC610 is a high performance precision monolithic 
digital-to-analog converter which converts 10-bit binary 
coded digital signals to an analog DC output voltage. All 
of the necessary circuit blocks are incorporated on 
board the converter to make designing simple. With the 
built-in voltage reference and reference input, multiplier 
operation is also possible. 

Features 

D Full Scale Temperature: 100 ppm/°C max 

D Linearity error: 0.2% (1 /2 LSB of 8th bit) max 

n Settling Time: 1.5 /js typ 

D Built-in band-gap reference voltage source 

D Multiplying type 

D Sign-Magnitude binary code 

D Low noise 

D Low power dissipation 

Ordering Information 



Part 

Number Package 


Operating 

Temperature 

Range 


//PC610D Ceramic DIP 


-20°Cto+80°C 


Absolute Maximum Ratings 

Ta = 25°C 


Voltage Between V+ and V" 


±18V 


Power Dissipation 


500 mW 


Analog Ground to Digital Ground 


+0.5 V 


Logic Input Voltage 


-5 to +15 V 


Reference input Voltage 


to +7 V 


Reference Voltage Source Output Current 


1.0 mA 


Output Sliort Circuit Duration 


indefinite 


Operating Temperature Range 


-20to+80°C 


Storage Temperature Range 


-55to+150°C 



Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



Pin Configuration 








MSB C 


1 ^ 


18 


H Sign Bit 




2nd C 


2 


17 


H Reference Output 




3rd C 


3 


16 


3 v+ 




4th C 


4 g 


15 


H Reference Input 




5th C 


' S 


14 


H Output 




6th C 


6 % 


13 


"J Analog GND 




7th C 


7 


12 


3 V- 




8th C 


8 


11 


H Digital GND 




9th E 


9 


10 


D LSB 


83-002377A 











Pin 


identification 




Pin 


Name 


Function 


1 


IVISB 


Data Bit 1 


2 


2nd 


Data Bit 2 


3 


3rd 


Data Bit 3 


4 


4tti 


Data Bit 4 


5 


5tti 


Data Bit 5 


6 


6tti 


Data Bit 6 


7 


7tli 


Data Bit 7 


8 


Btli 


Data Bit 8 


9 


gtti 


Data Bit 9 


10 


LSB 


Data Bit 10 


11 


Digital Ground 




12 


V- Supply 


Power Supply Negative 


13 


Analog Ground 




14 


VoUT - Output 


Voltage Output 


15 


Reference Input 




16 


V+ Supply 


Power Supply Positive 


17 


Reference Output 




18 


Sign Bit 


Sign + or - 
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Equivalent Circuit 



fo- 



lo- 



■4 



A 



I vvV- 



A 




5 n Z 

5« 



■V y WV— 



A 
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Electrical Characteristics 

Ta = +25°C, V± = +15V 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Resolution (Note 1) 








11 


Bit 


Bipolar Operation 










10 


Bit 


Unipolar Operation 


Linearity Error (Note 1) 


NL 




0.1 


0.2 


%FSR 


Ta = -20 ~ +80°C 


Settling Time 


TS 




1.5 


6.0 


yws 


Final Value ±20 mV 


Full Scale Temperature 






50 


100 


ppm/°C 


Using internal reference voltage source 


Coefficient (Note 2) 




30 


60 


ppm/°C 


Using external reference voltage source 


Reference Input Rias Current 


lis 




100 


500 


nA 




Reference Input Slew Rate 


SR 




1.5 




V///S 




Reference Voltage 


vref 


2.2 


2.4 


2.6 


V 


Rl > 20 kO 


Zero Scale Offset Voltage 






±5 


±10 


mV 


Signbit "ON", other bits "OFF" 


Zero Scale Offset Symmetry 






±1 


±5 


mV 




Full Scale Output Offset 






±10 


±80 


mV 




Supply Voltage 
Rejection Ratio 


SVRR 




0.015 


0.15 


%FSR/V 


±12V<V±<±18V 


Power Dissipation 


Pd 






300 


mW 




Logic Input Terminal Current 


l|N 






10 


//A 


V|N = -5V~+15V 


High Level Input Voltage (Note 3) 


V|H 


2.0 






V 




Low Level Input Voltage (Note 3) 


V|L 






0.8 


V 




Full Scale Output Voltage (Note 4) 


Vo 


10.0 




11.0 


V 


All bits "ON". Rl > 2 kO 




-11.0 




-10.0 


V 


Signbit "OFF", other bits "ON", Rl > 2 kO 



Notes: 1. Tlnough the IC possesses a resolution of 10 or 11 bits, the linearity error is equivalent to 9 bits. In applications where perfect mono- 
tonicity is expected, employ the IC as an 8-bit D/A converter. 

2. The average value of the differential coefficient at Ta = — 20°C to +80°C. 

3. The digital input is active "High" binary code. 

4. The value when the internal reference voltage is directly applied to the reference input terminals. 

Typical Characteristics 

(Ta = 25°C) 




Digital Input Response Characteristics 



Vref - Vo+ Characteristic 











V± = +15V 


























^ - 




- 




: : 


' 


1 


1 


1 


1 













V± = ±15V 




71 








^ 




/ 


/ 

MSB^ 




^ 


^ 


/^ 


2nd^ 







Reference Input Voltage (V) 
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Typical Characteristics (Cont.) 

(Ta = 25°C) 

Vref - Vq- Characteristic 



^ 


^ 




2nd 


V± = ±15 V 




\ 




MSB 










-FS 


^ 







Reference Input Voltage (Vref) 



Reference Input Response Characteristic 



J — L A^ '^ •^ '■ 

k-. -v^ --w '■^-> 'v» n 



Output Noise Voltage 











V± = ±15V 
1Hz~20Hz 


25mV 






MSB 




v>vv\vs 


.^Vy'W*^ 


-VV'^A^ 


+FS 


ks^-v. 


/VYvA 


w 


VWK 


fyW 


fVVV 






2 sec 

' 







Typical Applications 

l/s/ng internal reference voltage source 



Sign 
Bit 
MSB LSB V+ 

PQQOOQQQOOQ 



Vref 

■0 

Reference 
►• 10k Input 

-O 




50k 
R2 



t0.01 
^1 



ho 

Analog 
Output 



0.01 



Analog GND 



Digital GND 



Note: Use resistors with good stability for R-j and R2. 

n Sign + 10-Bit Binary code 

Sign Magnitude 

1 1111111111 = 

1 0000000000 = V 

0000000000 = V 

1111111111= ov 



External reference and multiplier type 



MSB LSB V+ 

QQppQOOOOOOO 



VrefO— 
Reference Input 



-±-Vref 

'- — Q- 



0.01 



Analog 
Output 



1 



Analog GND 



n Multiplying coefficient «^ 4.4 
Vps «= 4.4 X Vref- 

VmSB'^2.2 X Vrep, 
V| OR - 2.2 X 2-9 
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Application Circuits 

8-Bit + sign A/D converter 



Successive approximation type (sheet 1 of 2) 



GND -15V +15V Input 

9 0.01 Q Q QviN 



10k 50k 



nz 



115V +5V 

9 P 



;UPC610D 

MSB 8th 

Sign LSB LSB 



Qi 

A 



D Q 
D-FF 



^- 



L-^ 



L^<|- 



TT 



Sample 
Hold 



Vo Sample Command 




+^y^|JPC27^D 



A' — I n 

( Q, lo, Q, Q, 

rr r T T T 1 



Q. 

A 



jT^ 



D Q 

D-FF 



L^ 



ABCDEFGHIJK 
12-Bit Ring Counter 



Q9 

A 



D Q 
D-FF 



L-^ 



U 



— O Latch 
Enable 



TTTTTTTTT 



Sign 

MSB Output 
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Application Circuits (Cent.) 

8-bit + sign A/D converter 

Successive approximation type (sheet 2 of 2) 



CLOCK 
A 


ri_riJiJ^rLJiTirT_rLrLrL_ru 
1 


n 


83-002386C 


B 


1 








C 












J 








1 1 




K 








1 1 




L 








1 — 






1 








Qi 










1 








.-_ -^ 


Q2 






















Q3 


1 














1 
1 
1 
1 






Q8 


1 














Q9 


1 1 

















SD 


1 


1 1 


n 1 1 

V'.N 
\ 


1 lo 


V'lN 

FS 
V|N 

Vo 

FS/2 



Note: D, \/|n, V'|n and Vq show 
an output of "101110110". 








— 




^vo 


V 


fr 


^ ^^-^ 


in case when 


\^ y 

an input equivalent to 
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Application Circuits (Cont.) 

Peak detector (positive /negative) 



GND 

Q , 



10k 50k 



-15V 
Q 



0.01 

HI- 



Input 
+15V V|N 

9 9 



OUT 
LSB 



Positive 

Negative CLOCK 
9 9 



10-BltUpDown 
Binary Counter 



:^r>£^::3D-=^ 



66666660066 6 

Sign""^^ MSB Analog 

^ y Output 

^ . — ^ 

Digital Output 



n_rLrLrLrLrLrLrLrLn_ 



J 



■y 



vo I— — ; 
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Precautions for Usage 



1 . To absorb surges and prevent oscillation, bypass the 
power supply terminals with a capacitor of 0.01 //F. 

2. To utilize the characteristics of the /LfPG610D in full, 
employ components of good stability for the full-scale 
adjustment resistor and the trimmer. 

3. Since the settling time may increase or oscillation may 
occur in the case of capacitive loads, the //PC610D 
should be used with load capacitance of 100 pF 
or less. 



The output amplifier will saturate at: | VrefI > 3 V in 
the case of multiplier type operation. In this case the 
response time and power supply current will Increase. 
Since the reference potential inside the //PC610D is 
connected to the analog GND, common mode noise 
in regard to analog GND will present a direct error. 
Since analog GND and digital GND have independent 
circuits within the IC, these should be connected 
together outside the IC (if required). 



6-16 



NEC 

NEC Electronics Inc. 



//PC624 

8-BIT HIGH-SPEED 

MULTIPLYING 

D/A CONVERTER 



Description 

The/iPC624 is a monolithic multiplying digital-to-analog 
converter designed for high speed performance and 
design/application flexibility. Advanced circuit design 
allows settling time of 85 ns. The outputs are high imped- 
ance dual complementary current types, which allow 
simple resistive loading, op-amp voltage conversion, 
and other configurations. The adjustable threshold logic 
input allows connection to all popular logic families. 

Features 

D Wide range multiplying capability 

D Wide power supply range +5 V to ±18 V 

D High output impedance and compliance 

D Variable logic threshold 

D Direct interface to TTL, CMOS, PMOS 

D Differential current outputs 

D Pin to pin compatible with PMI'S DAC-08 

Ordering information 



Pin Configuration 



Part 

Number Package 


Operating 

Temperature 

Range 


//PC624C Plastic DIP 


-20°Cto+70°C 


yuPC624D Ceramic DIP 


-20°Cto+80°C 


Absolute lyiaximum Ratings 

Ta = 25°C 


Supply Voltage 


36 V 


Logic Inputs 


V-to(V-+36V) 


Logic Threshold Control Voltage 


V- to V+ 


Analog Current Outputs 


4.2 mA 


Reference Inputs 


V- to V+ 


Reference Input Differential Voltage 


±18 V 


Reference Input Current 


5.0 mA 


Power Dissipation, D or C Package 


500 mW 


Operating Temperature Range. Package 


-20to+80°C 


Operating Temperature Range, C Package 


-20to+70°C 


Storage Temperature Range, Package 


-55to+150°C 


Storage Temperature Range, C Package 


-55to+125°C 



Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 













COMP. 




THRESHOLD r- 
CONTROL L- 


1 


y^ 


16 


D 


'OUT L 


2 




15 


J 


Vref (-) 




V- C 


3 


Q 


14 


u 


VreF (+) 




•out C 


4 


^ 


13 


n 


v+ 




MSB C 


5 


?? 


12 


u 


LSB 




2nd C 


6 


'^ 


11 


u 


7th 




3rd C 


7 




10 


n 


6th 




4th E 


8 




9 


n 


5th 


83-002390A 













Pin 


Identification 




Pin 


Name 


Function 


1 Threshold Control 


2 


•out 


Current Output 


3 


V- 




4 


«OUT 


Current Output 


5 


MSB 


Data Bit 1 


6 


2nd 


Data Bit 2 


7 


3rd 


Data Bit 3 


8 


4th 


Data Bit 4 


9 


5th 


Data Bit 5 


10 


6th 


Data Bit 6 


11 


7th 


Data Bit 7 


12 


LSB 


Data Bit 8 


13 


V+ 


Power Supply Positive 


14 


VREF+ 


Positive Reference Voltage 


15 


vref- 


Negative Reference Voltage 


16 


Compensation 


Amp Compensation 




6-17 



//PC624 



NEC 



Equivalent Circuit 



Vref (+)Ot 



VrEF nOr 



Vlc 
Q 



MSB 

Q 



2nd 
Q 



4th 5th 6th 7th LSB 
9 p O 9 O 
9 10 11 12 




-OloUT 
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Electrical Characteristics 

Ta = +25°C, V± = ±15 V, Iref = 2.0 mA 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Resolution 




8 


8 


8 


Bit 




MonotoniGity 




8 


8 


8 


Bit 




Nonlinearity 


NL 






0.19 


%FSR 




Settling Time 


TS 




85 


150 


ns 


±V2 LSB. Rl < 50 All bits ON/OFF 


Full Scale Temperature 
Coefficient 






10 


50 


ppm/°C 




Output Voltage Compliance 


voc 


-10 




+18 


V 


Alps ^ Vz LSB 


Full Scale Current 


ips 


1.94 


1.99 


2.04 


mA 


VreF= 10.000 V.R+REF = 5.0001(0 


Full Scale Symmetry 


IFS-IFS 




±1.0 


±8.0 


A/A 




Zero Scale Offset Current 


izs 




0.2 


2.0 


/iA 




Output Current Range 


'o 





2.0 


2.1 


mA 


V- = 5.0 V 







2.0 


4.2 


mA 


V- = 8.0 V to -18 V 


Low Level Input Voltage 


V|L 






0.8 


V 


Vlc = V. Bit "OFF" 


High Level Input Voltage 


VlH 


2.0 






V 


Vlc = V, Bit "ON" 


Low Level Input Current 


l|L 




-2.0 


-10 


/"A 


VLC = 0V.V|N = -10Vto+0.8V 


High Level Input Current 


i|H 




0.002 


10 


/yA 


VLC = OV,V|N = 2.0Vto18V 


Logic Input Swing 


V|8 


-10 




+18 


V 




Logic Threshold Range 


Vth 


-10 




+13.5 


V 


Vth '^ Vlc + 1.3 V 


Reference Bias Current 


lb+ 






-3 


//A 




Reference Input Slew Rate 


AlREF/AT 


4.0 


8.0 




mA///s 


Href < 200 Q. Cc = pF 


Power Supply Voltage 
Rejection Ratio 


SVRR+ V 




0.0003 


0.01 


%FSR/ 

% 


V+ = 4.5 to 18 V, Iref = 1 mA 




SVRR- V 




0.002 


0.01 


%FSR/ 

% 


V- = -4.5 to -18 V. Iref = 1mA 



Power Supply Current 



1+ 



1+ 
'i+ 



2.5 
-6.5 

2.4 
-6.4 

2.3 
-4.3 



3.8 
-7.8 

3.8 
-7.8 

3!8 
-5.8 




mA V+ = 5 V, V- = -15 V. Iref = 2 mA 
mk"' V+ = 5 V. V- = -15 V, Iref = 2 mi' 
mA V± = ±5 V, Iref = 1 mA 
mA ■ " V± = ±5 V, Iref =1 mA 
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Typical Applications 

Basic Positive Reference Operation 



Basic Negative Reference Operation 



R+REF 

VrefQ-aw 




Notes: 1. R+ref = R~REF 

2. C ^ 0.01 fjF (Standard Value) 

3. Minimum capacitor value for stable operation is given by 
Cc = RREF(kO)X15(pF). 



Basic Unipolar Negative Operation 



LSB 
Q 




vo 



^ 



Iref = 2.000 mA 










Input 


■O (mA) 


lo(mA) 


vom 


v5(V) 


11111111 


1.992 


0.000 


-9.96 


0.00 


11111110 


1.984 


0.008 


-9.92 


-0.04 


10 1 


1.008 


0.984 


-5.04 


-4.92 


10 


1.000 


0.992 


-5.00 


-4.96 


1111111 


0.992 


1.000 


-4.96 


-5.00 


1 


0.008 


1.984 


-0.04 


-9.92 





0.000 


1.992 


0.00 


-9.96 
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Typical Applications (Cent.) 

Basic Bipolar Output Operation 



7th 
O 



6 6 6 6 





-OVo 
-Ovo 



Iref = 2.000 mA 










Input 


■O (mA) 


iJlmA) 


Vo(V) 


v^m 


11111111 


1.992 


0.000 


-9.92 


+10.00 


11111110 


1.984 


0.008 


-9.84 


+9.92 


10 1 


1.008 


0.984 


-0.08 


+0.16 


10 


1.000 


0.992 


0.00 


+0.08 


1111111 


0.992 


1.000 


+0.08 


0.00 


1 


0.008 


1.984 


+9.92 


-9.84 


00000000 


0.000 


1.992 


+10.00 


-9.92 



Positive Low Impedance Output Operation 



Negative Low Impedance Output Operation 




7th LSB 

Q Q 

12 
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Typical Applications (Cont.) 



Comparator Connection Method forA/D Conversion 
(Positive Analoa Inout) 



LSB 
Q 



ViN +15V +5V 

9 Q 9 





+^^J MPC311C 



0' 

-15V 



OVo 



Low Impedance Output Operation (Botl) Outputs) 



7th LSB 

9 9 



15V 

9 





o 

15V 



Note: For buffer amplifier, high slew rate op-amp is recommended 
to obtain fast settling time. 



Comparator Connection l\/lethod forA/D Conversion 
(Negative Analog Input) 



ViN +15V +5V 

9 9 9 



7th LSB 

9 9 

12 




3k< 1k^ 
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Interfacing with Various Logic Families 

The logic threshold is set about 1.4 V above V|_c. This 
enables TTL level acceptance by simply grounding pin 
1. By placing an appropriate voltage at the logic 
threshold control pin (pin 1 ), various threshold values 
are available for the other logic families. 

TTL interface permission gives the interval logic thresh- 
old -4 mV/°C temperature coefficient. Vjh = Vlc + 
1.4 V - 0.004 V X (Ta - 25°C). 



Anti-temperature coefficient circuits 



CMOS, HNILj NMOS 



CMOS, HNIL (15V) 



-< 



-< 



-< 



^3k 



'— O Vlc 



?i' 



n 






Vlc 
O 



^fi9lf 



o 

-5.2V 
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Operating Characteristics 

(Ta = 25°C) 



hull bcaie uurrent 



run ocaie 'current 



V-= -15V 
Ta = -20 to 


h80°C 






y 








^ 








y^ 
















y^ 











2.0 3.0 

Reference Current (mA) 



Z 1-5 



17 V-ICM / 




1 

V+ICM 
V-=-5V 


























/ 












/ 

/v-lCM 
/ V-= -15V 


/ 






V+ICM 
V+ = 15V 








/ 













-15 -10 



Common Mode Input Voltage Range (V) 



Reference Input Frequency Response 



LSB Propagation Delay 



1 

ALL BIT ' 


ON" 






^ 


^ 




Signal - 










\ 


s. 


Y 












\ 


\i 


V 














\ 


\ 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

Frequency (MHz) 



500 
400 


















200 
100 












V 








\. 













Output Full Scale Current (mA) 



Reference Amp Common Mode Range 



Power Supply Current 



V- = -15V 


V- 


= -5V 


Iref = 2mA 






{ 




( 
























REF = 1 


TiA 




1 






{ 




















Iref = 0.2mA 






r 






( 











i -4 4 8 12 16 20 

Reference Common Mode Voltage (V) 



8.0 


1 
































1- 










b.O 










|REF = 


= 2mA 










4.0 






















































V+ 










2.0 














































Positive Power Supply (V) 
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Operating Characteristics (Cent.) 

(Ta = as-C) 



Power Supply Current 



Power Supply Current 































I-{Ire 


F - 2mA 


) 




































I-(Iref = 1mA) 
















- I-(Iref = 0.2 
































































1+ 



















































1- 


















Iref 


= 2mA 






























1+ 

































Negative Power Supply (V) 



20 40 

Ambient Temperature {°C) 



A/D Conversion Program List 



0000 




MVI 


A,89H 


CONTROL WORD FOR 8255 


0002 




OUT 


(8255) 


PROGRAM TO 8255 


0004 




MVI 


B.BOH 


BIT POINTER INITIALIZE 


0006 




MOV 


A, B 


BIT SET WORD 


0007 


BIT TEST 


OUT 


(PORT B) 


BIT SET OUTPUT TO PB OF 8255 


0009 




MOV 


CA 




OOOA 




NOP 






OOOB 




IN 


(PORT C) 


READ COMPARATOR 


0000 




RRC 




Aq - CARRY FLG 


OOOE 




JC 


DEC POINTER 


COMPARATOR TEST 


0011 




MOV 


A,C 




0012 




SUB 


B 


BIT RESET 


0013 




MOV 


CA 




0014 


DEC POINTER 


MOV 


A, B 




0015 




RRC 




DECREMENT BIT POINTER 


0016 




JC 


RETURN 


LSB WAS TESTED? 


0019 




MOV 


B,A 




001A 




ORA 


C 


NEW BIT SET WORD 


001B 




JMP 


BIT TEST 




001E 


RETURN 


RET 


(MAIN PROGRAM) 


CONVERSION END & RETURN TO MAIN PROGRAM 




?mmm Mimm 




:31 BYTE 






CONVERSION TIME 




: 371 //s (741 STATE) MAX, 323 fjs (645 S 


TATE) MIN (@ + 2 MHz) 




WORKING REGISTER 




:B & C (C REGISTER; FINAL ANSWER MEMO 


RY) 
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//PC6012 

12-BIT HIGH-SPEED 

MULTIPLYING 

D/A CONVERTER 



Description 

The //PC6012 monolithic multiplying digital-to-analog 
converter is designed to set new standards of speed and 
accuracy for 12-bit converters. This device is the first 
12-bit DAC to use standard processing without the need 
of thin film resistors and/or active trimming of individual 
devices. The/yPC6012features high voltage compliance, 
and high impedance dual complementary outputs, which 
enable differential operation to effectively double the 
peak-to-peak output swing. The outputs can be used 
without op-amps in many applications. 

Features 

n Differential nonlinearity to ±0.025% FS max 

D Fast setting time: 400 ns typical 

D Full scale current 4 mA 

D High output impedance and compliance: —5 to +10 V 

D Differential current output 

D High speed multiplying capability 

D Direct interface to TTL, CMOS, ECL, HTL, NMOS 

D Am601 2 direct replacement 

Ordering Information 



Pin Configuration 



Part 

Number Package 


Operating 

Temperature 

Range 


/iPC6012C Plastic DIP 


0°Cto+70°C 


Absolute Maximum Ratings 

Ta-25°C 


Power Supply Voltage Range, V+ - V" 


36 V 


Logic Input Voltage Range, V± 


-5 to +18 V 


Output Voltage Range, Vq 


-8 to +12 V 


Reference Input Voltage Range, V+ref 


V- to V+ 


Reference Input Differential 
Voltage Range. V+REF -V-REF 


+18V 


Reference Input Current Range, Iref 


0- 1.25 mA 


Total Power Dissipation, Pt 


500 mW 


Operating Temperature Range 


0to+70°C 


Storage Temperature Range 


-55to+125°C 



Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 















msbC 


1 


^J 


20 


I1V+ 


2ndC 


2 




19 


Hi^ 




3rdC 3 




18 


Hio 




4th C 


4 


O 


17 


I]v- 




5th C 


5 




16 11 COMP 




6th C 6 


f^ 


15 


U Vrefh 




7th E 


7 


■^ 


14 


H Vrefh-) 




8th C 


8 




13 


H VLC 




9th C 


9 




12 


Dlsb 




10th C 


10 




11 


13 11th 


83-00241 2A 













Pin Identification Table 




Pin 


Name 


Function 


1 


MSB 


Data Bit 1 


2 


2nd 


Data Bit 2 


3 


3rd 


Data Bit 3 


4 


4th 


Data Bit 4 


5 


5th 


Data Bit 5 


6 


6th 


Data Bit 6 


7 


7th 


Data Bit 7 


8 


8th 


Data Bit 8 


9 


gth 


Data Bit 9 


10 


10th 


Data Bit 10 


11 


11th 


Data Bit 1 1 


12 


LSB 


Data Bit 12 


13 


Vlc 


Threshold Control 


14 


VREF+ 


Positive Reference Voltage 


15 


Vref- 


Negative Reference Voltage 


16 


Compensation 


Amp Compensation 


17 


V- Supply 


Negative Supply Voltage 


18 


lO 


Current Out + 


19 


•o 


Current Out - 


20 


V+ Supply 


Positive Supply Voltage 
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Block Diagram 



Vref 

{+) 



Vref 
(-) 



Vlc MSB 
P Q 

13 



l>^ 



o 

COMP 



2nd 
Q 



5th 
O 



8th 
Q 



9th 
Q 



10th 
O 



LSB 

Q 



999s>99V99999 



Current Sources Ladder Network 



-OlouT 

-OiouT 



Recommended Operating Conditions 





Symbol 


Limits 


Unit 


Test 


Parameter 


IVIIn. Typ. 


Max. 


Conditions 


Power 
Supply 


V+ 


+4.5 +15 




V 




Voltage 


V- 


-15 


-10.8 


V 




Ambient 
Temperature 


ta 


+25 


+70 


°C 




Reference 

Input 

Current 


Iref 


0.2 1.0 


1.1 


mA 




High Level 
Input Voltage 


V|H 


+2.0 


+18 


V 


Vlc = V 


Low Level 
input Voltage 


V|L 


-5.0 


+0.8 


V 


Vlc = ov 


Output 
Voltage 
Compliance 


voc 


-5.0 


+10 


V 


DNL< 
+0.025% FSR 
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Electrical Characteristics 

Ta = to 70°C, V± = ±15 V, Iref - 


1.0000 mA 










Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Resolution 




12 


12 


12 


Bit 




Monotonicity 




12 


12 


12 


Bit 




Differential Nonlinearity 


DNL 






±0.025 


%FSR 




Nonlinearity 


NL 






±0.05 


%FSR 




Full Scale Output Current 


IFS 


3.935 


3.999 


4.063 


mA 


Vref = 10.000 V, Ta = 25°C, Rl4 = Rl5 = 10.000 kQ 


Full Scale Temperature 
Coefficient 


Alps 
IFS-AT 






±40 


ppm/°C 




Full Scale Symmetry 


IFS - IFS 






±2.0 


/iA 




Zero Scale Current 


izs 






0.10 


/iA 




Settling Time 


ts 




400 




ns 


y2LSB,TA = 25°C.allblts0Nor0FF 


Propagation Delay 


tPLH. tPHL 






50 


ns 


50% to 50% 


Output Capacitance 


Co 




35 




PF 




Logic Input Current 


l|N 






40 


/vA 


-5V<V|<+18V 


Reference Bias Current 


lb+ 






-2.0 


//A 




Reference Input Slew Rate 


|AlREF/At| 


4.0 


8.0 




mk/fjs 


Cc = 0. Ri4 = 800O 


Supply Voltage 
Rejection Ratio 


ISVRR+I 






±0.001 


%FSR/ 

% 


V+ - +13.5 to +16.5 V.V- = -15 V 




|SVRR-| 






±0.001 


%FSR/ 

% 


V--+13.5to-16.5V.V+ = +15V 



1+1 8.5 mA V+ = +5V 
\-\ -18.0 mA V- = -is V 
Power Supply Current ' •,+ • g' ^A "v+'='+i5V 

|-2 -ia.b mA V- = -15 V 

Power Dissipation ...'.V. ^12 "iW .. ^ = +5 V. «- = -15 y 

P02 397 mW V+ = +15 V. V" = -15 V 
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Typical Applications 

There is a 1 to 4 scale factor between the reference cur- 
rent (Iref) and the full scale output current (Ifs)- 

'^ Vref = -1-10 V and ips - 4 mA, the value of the Rref is: 

D-h -4X10V 



ref - 

4 mA 

R"^REF = R""REF 



The compensation capacitor is a function of the 
impedance seen at the +Vrff input and is determined 
by the following expression: 

C = (5pF)(R+REF(kO))- 

For R-14 < 800Q, no capacitor is necessary. 



Positive Reference Voltage 



Negative Reference Voltage 
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Typical Applications (Cent.) 

Unipolar Negative Output 



9th 10th 11th LSB 

9 9 9 Q 



9 9 9 9 





VOUT 



Iref = 1.0000 mA 










Input Code 

MSB LSB 


io (mA) 


IQ (mA) 


Vo(V) 


vom 


111111111111 


3.999 


0.000 


-3.999 


0.000 


111111111110 


3.998 


0.001 


-3.998 


-0.001 


100000000000 


2.000 


1.999 


-2.000 


-1.999 


00000000000 1 


0.001 


3.998 


-0.001 


-3.998 


000000000000 


0.000 


3.999 


0.000 


-3.999 



Bipolar Output 



10th 

Q 



11th 
O 



LSB 
P 



9 9 9 



Iref = 1 0000 mA 



Input Code 
MSB 



LSB lo(mA) lo(mA) Vq (V) Vq (V) 



-OVouT 

-OV^ 



111111111111 3.999 



0.000 



-1.999 +2.000 



111111111110 3.998 0.001 -1.998 +1.999 



100000000001 2.001 



1.998 



-0.001 +0.002 



100000000000 2.000 



1.999 



0.000 +0.001 



11111111111 1.9 



2.000 +0.001 0.000 



000000000001 0.001 



3.998 +1.999 



-1.998 



000000000000 0.000 3.999 +2.000 -1.999 
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Typical Applications (Cent.) 

Unipolar Positive Output (Straight Binary) 



O 

i 


» 


10th 



11th 
O 


LSB 

o 










\ 




1 




- 


loUT 2.5000k 










. 






h^ 






o 


o 


6 


o 


1, 


ll 


/77 1 


+y»^ 


1- 




1 — 


- 




L 


— . 




/ 


'i 


) 


1 ^ 


) 






< 2.5000k 








\ 







Unipolar Negative Output (Complementary Binary) 



10th 11th LSB 

9 9 9 







"H 




VOUT 
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Typical Applications (Cont.) 

Symmetrical Offset 



10th 11th LSB 

Q Q 9 



9 9 9 



2.5000k 2.5000k 



r*- 
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PRELIMINARY INFORMATION 



//PD6900 

8-BIT CMOS VIDEO 

D/A CONVERTER 



Description 

The //PD6900 is an 8-bit D/A converter for video 
signals. Aithougli it is a CMOS converter (V+ =5 V), its 
conversion rate is very higii because a liigh-speed 
CMOS processing technique and matrix current cell 
method are used. 

With its low power consumption and conversion rate of 
20Msps, this converter can be applied to various units 
such as digital video processing systems and high- 
speed facsimiles. 

Features 

D Conversion rate: 20 Megasamples/sec 

D Linearity: ±1/2 LSB typ 

n Reference voltage: 2.0 V typ 

D Single 5 V power supply 

n Low power consumption: 150 mW typ. 

n TTL compatible digital input 

Absolute iiffaximum Ratings 

Ta = 25°C 



Pin Configuration 



Power supply voltage 


-0.3 to +7.0 V 


Input/output terminal voltage 


-0.3 to V+ +0.3 V 


Operating temperature range 


-10 to +75 °C 


Storage temperature range 


-40to+125°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. Th is is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Biocic Diagram 



DBs o- 

(LSB) 

DB7O- 

DBeO- 
DB50- 
DB4O- 






DB30- 
DB20- 

DBi o- 

(MSB) 

VrefO- 






-A 
-V 



Current Cell 
(16x8) 



-2'^ 



zr 



-Olo 















gnddC 1 


O' 


22 


DV+ 


NCC 2 




21 


IlDBs 




CLKE 3 




20 


DDB7 




loC 4 




19 


DDBe 




loC 5 


g 


18 


DDB5 




AV+C 6 


s 


17 


IIDB4 




IrefC 


7 


^ 


16 IIDB3 




AV+C 


8 




15 DDB2 




VrefC 


9 




14 IJDBi 




fcOMP C 


10 




13 HGNDa 




AV+C 


11 




12 UNO 


83-001 907A 













Pin identification 



Pin Symbol 


Function 


1 GNDq 


Digital GND 


2 NC 


No connection 


3 CLK 


Cl0Gl( input 


4 5 


Complementary current output 


5 lo 


Current (analog) output 


6 AV+ 


Analog power supply 


7 Iref 


Full-scale current adjustment 


8 AV+ 


Analog power supply 


9 Vref 


Reference voltage input 


^0 fcOMP 


Frequency compensation 


11 AV+ 


Analog power supply 


12 NC 


No connection 


13 GNDa 


Analog GND 


14 OB1 


Digital input (MSB) 


15 OB2 


Digital input (2nd) 


16 DB3 


Digital input (3rd) 


17 DB4 


Digital input (4th) 


18 DB5 


Digital input (5th) 


19 DBe 


Digital input (6th) 


20 DB7 


Digital input (7th) 


21 DBg 


Digital input (LSB) 


22 V+ 


Digital power supply 


Ordering Information 


Part 

Number Package 


Operating 

Temperature 

Range 


ywPD6900C Plastic DIP 


-20°Cto+75°C 
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Pin Function 

DBi to DBs 



DB-i corresponds to MSB, and DBs corresponds to 
LSB. 

CLK 

CLK is the sampling clock input terminal. An 8-bit 
digital signal is latched within the IC by the rising edge 
of the sampling clock and is converted into an analog 
signal. 

lo 

lo is the analog output terminal. This output is current 
output. It outputs the current of 10 mA (typ) at the full 
scale (Reference voltage = 2 V, Rref = 800 Q). 

lo 

Iq is the complementary current output terminal. 

Iref 

Iref is the full-scale current adjustment terminal. 
Normally, a resistance of 800 Q is set between this 
terminal and GNDa- (When Vref is 2.0 V, the full-scale 
current Ifs 'S 10 mA typ.) 

Vref 

Vrep is the reference voltage input terminal. Normally, 
the input level is 2.0 V. 

^COMP 

fcoMP is the terminal to which a frequency compensa- 
tion capacitor should be connected. Normally, a capa- 
citance of 1.0 jjif is set between this terminal and 
GNDa. 

AV+ 

AV+ is the power supply terminal (+5 V) for an analog 
system. 

GNDa 

GNDa is the ground terminal for an analog system. 

V+ 

V+ is the power supply terminal (+5 V) for a digital 
system. 

GNDd 

GNDd is the ground terminal for a digital system. 



NC 

NC is a non-connection terminal, but normally it is 
connected to GNDa- 

Recommended Operating Conditions 

TA = -20to+75°C 





Symbol 




Limit 


Test 


Parameter 


Min 


Typ 


Max 


. Unit Conditions 


Power supply voltage 


V+, AV+ 


4.5 


5.0 


5.5 


V 


Reference voltage/ 


Vref 


1.8 


2.0 


2.2 


V 


Reference resistance 


Rref 




800 







Sampling clock 


fSAMP 


DC 




20 


MHz 


Sampling clock low 
level pulse width 


tpWL 


10 






ns 


Sampling clock liigh 
level pulse width 


tpWH 


10 






ns 


Data set up time 


ts 


20 






ns 


Data hold time 


tH 


10 






ns 


Digital input high level 


V|H 


2.7 






V 


Digital input low level 


V|L 






0.4 


V 


Compensation 
capacitance 


CCOMP 


1.0 






//F 


Electrical Characteristics 

Ta = -20 to +75 °G, V+ == AV+ = 5 V ± 10% 




Symbol 




Limit 




Test 


Parameter 


Min. 1 


ryp. 


Max. 


Unit Conditions 


Power supply current 


1+ 




30 


50 


mA 


Resolution 






8 




bit 


Non-linearity error 


NL 


±1/2 


±1 


LSB 


Differential 
non-linearity 


DNL 


±1/2 


±1 


LSB 


Differential gain 


DG 




3 


4 


% fSAMP = 
14.318 MHz 


Differential 
phase 


DP 




1 


3 


° ^SAIVIP = 
14.318 MHz 


Output 
compliance 


Vo 


2.5 


3.0 




V V+ = 5.0V 


Analog output delay 
time 


td 




40 




ns 


Settling time 


tSET 




40 




ns 


Full-scale current 


Ifs 


9 


10 


11 


mA 


Zero-scale offset 
current 


izs 






20 


/^A 


Digital input 
capacitance 


Cm 






30 


PF 


Digital input current 


l|N 






10 


iuA 
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Typical Applications 

Full-Scale Current (Ips) Setting Method 



6 6 

COMP Vref 




■^^ 



Iref = 1/4 Ifs 
I Iref = Vref/Rref 
Ifs = 4 Vref/Rref 



9 Iref 
Rref 



Test Circuit 





+5V 






Ana 


log output 






C 


P+5V 

7 


Digital input 

83-001 909B 










h 1 




GNOd 

NC 

CLK 

io 

lo 

AV+ 

Iref 

AV+ 

Vref 

fcOMP 
AV+ 


V+ 
DBs 
DB7 
DB6 
DBs 
DB4 
DB3 
DB2 
DBi 
GNDa 
NC 


— 


^ 














V 










r ^^^ 


WV 












800 Q 




i ^^^ 




+2V 






li 


— 


^ GNDa GNDo 




II 


= 


i- 
















J 
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Typical Applications (Cent.) 

Application Circuit 



5 V Analog Supply 



,r 



I 



Video Output 



— y^ 

GAIN 



8.8 fjH 8.8 uH 



280 pF _[280 pF J_; 

-r -r i30pF-r 



200 > <200 



"1 

lo-oil 

O /77 

15 V 



2,^^ 5 V Analog Supply 



GNDd GNDa 

Vref LEVEL 10 kn >♦- 



1 kn > :t: :zz 




or 



TZl 



5 V Digital Supply 



V 



0.01 I 



0.01 ^ 47 - 

T P 



GNDd v+ 

-^ NC DBb 

CLK DBy 

i^ DBe 

lo g DBS 

AV+ S DB4 
Q 

IrEF 5. DB3 

AV+ DB2 

Vref DBi 

COMP GNDa 

AV+ NC 



6 rh 



[1] Unless otherwise specified, values are in ohms and microfarads. 



14 MSB 



Digital Signal Input 



Timing Waveforms 









tPWH 1 tpWL 1 


A , 




{. 




CLK 


^ 


/ 






c 


"ih" 

3 






DB1-DB8 


\ 

/ 


f 


3(E3C 






to ' 


r- 


) 


■"'"XZ 


An-1 


( 


t- 


V A„ \^W. 




^^ ' \ ±1/2 LSB 




^ 


■V^STtsET t 




-^^ 


M 




± 1/2 LSB 




83-003722A 
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8-BIT NMOS 

D/A CONVERTER 



Description 

The /yPD7011 is a low cost 8-bit NMOS digital-to- 
analog converter featuring single +5 V power supply 
operation and on board voltage reference. The serial 
interface option allows easy interface to the//COM-43, 
-87, and -75 series of single chip microcomputers and 
theyuPD7720 Signal Processing chip (SPI). In parallel 
mode the /iPD701 1 is easily connected to the 8080 and 
8085 type bus structures by the bus interface facilities. 

Features 

D Single +5 V power supply 

D Internal voltage reference 

D Complementary current output 

D Wide output compliance (2.4 V to 8 V) 

D Serial interface with /iCOM-43, -87, -75 and //PD7720 
(SPI) 

D Bus interface with 8080 and 8085A-2 

D Pure binary and 2's complement code available in 
serial mode 

n MSB 1st and LSB 1st serial input available 

D Applications: CPU peripherals, toys, displays, instru- 
mentation, speech synthesis 

D Two performance ranges linearity error: yuPD7011C, 
1 LSB;//PD7011C-1,1/2LSB 

Ordering Information 



Pin Configuration 



Part 
Number 


Package 


Operating 

Temperature 

Range 


//PD7011C 


Plastic DIP 


-20°Cto+70°C 


Absolute Maximum Ratings 

Ta = 25°C 


Operating Temperature 




-20°Cto+70°C 


Storage Temperature 




-65°Cto+125°C 


All Input Voltages 




-0.3 to Vdd + 0.3 V 


Power Supply 




-0.3 V to +7.0 V 


Power Dissipation 




300 mW 


SO Pin Pull-up Voltage 




VdO + 0-3 V 


Iq/Iq Output Pull-up Voltage 




+10 V 



Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 















v+C 


1 


KJ 


18 


DCS 


WR/SCK C 


2 




17 


2 DB7(MSB)/SO 




MODEC 


3 




16 


:: DB6(2nd)/STB 




i^C 


4 




15 


2 DB5(3rd)/CODE 




loC 


5 


li 


14 


2 DB4(4th)/SHIFT 




COMPC 


6 


'i 


13 


D DB3(5th) 




Vref (F) E 


7 




12 


2 DB2(6th) 




Vref (S) C 


8 




11 


2 DBi(7th) 




gndC 


9 




10 


2 DBo(LSB)/SI 


83-002472A 













Pin Identification 



Pin 


Name 


Function 


1 


V+ 


+5 V power supply 


2 


WR/SCK 


WR: write 

SCK: serial shift clock 


3 


MODE 


High: serial input mode 
Low: parallel bus input mode 


4 


io 


Complementary current outputs (open drain) 


5 


lo 


6 


COMP 


Frequency compensation 


7 


Vref(F) 


Voltage reference output 


8 


Vref(S) 


Reference sense 


9 


GND 


Digital analog common GND 


10 


DBq/SI 


Serial data input (serial) 
LSB Input (bus) 


11 


DB] 


7th bit input (bus) 


12 


DB2 


6th bit Input (bus) 


13 


DB3 


5th bit input (bus) 


14 


DB4/SHIFT 


Shift select; High: MSB 1st 
Low: LSB 1st 
4th bit input (bus) 


15 


DB5/CODE 


High: 2s complement code 
Low: pure binary code 
3rd bit Input (bus) 


16 


DBg/sTB 


Strobe input 
2nd bit input (bus) 


17 


DB7/SO 


Serial output (open drain) 
MSB input (bus) 


18 


CS 


Chip select 
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Block Diagram 



V V V V 



y 
y 



DB// DBe/ DBs/ DB4/ OBo/ 

SO STB CODE SHIFT DB3/ 062/ OB1/ SI 

GGQGQGQG 



1 



rf 



vref \ — if: 

/ I 250m,A 



Vref (S) I VreF (F) 

^ 



I- 



8- Bit Current Output DAC 



-O'o 
-O 'O 
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DC Characteristics 

Ta = 25°C ±2°C; Ips = 1 mA; 
CcoMP = 0-1 A/F; V+ = 5 V ± 5% 



Recommended Operating Conditions 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Resolution 




8 


8 


8 


Bits 


-20°Cto 
+70°C 


Nonlinearity, 
7011C-1 


NL 




0.25 


0.5 


LSB 


-20°Cto 
+70°C 


Nonlinearity, 
7011C 


NL 




0.5 


1 


LSB 


-20°Cto 
+70°C 


Differential 
Nonlinearity 


DNL 




0.1 


0.1 


LSB 


-20°Cto 
+70°C 


Zero-Scale 
Error 








0.5 


LSB 


-20°Cto 
+70°C 


Zero-Scale 
Symmetry 




-1.5 


-1.0 


0.5 


LSB 


Notel 


Gain Error, 

7onc-i 








3 


%fsr 


Note 2 


Gain Error, 
7011C 








5 


%FSR 


Note 2 


Full-scale 
Symmetry 




-1.5 


-1.0 


-0.5 


LSB 


Note 3 


Reference 
Voltage 


Vref 


1.41 


2.0 


2.59 


V 




Power 
Supply 
Current 


Iqd 




8 


13 


mA 




Logic Input 
Leakage 


IlLK 




0.1 


10 


/^A 


< V|N < V+ 


Low-Level 

Output 

Voltage 


Vol 






0.5 


V 


SO (Pin 17) 
'SINK ^ 2 mA 


Output 
Leal(age 


lOH 




0.1 


10 


//A 


SO (pin 17) 
Vo= v+ 


Full-scale 
Drift 






70 




PPM/°C 


AlFs/AT 



Supply 

Voltage 

7011C-1 

Rejection 

Ratio 



Analog 

Output 
Compliance 



SVRR 



0.8 %FSR/V Alps/AT 



Supply 

Voltage 

701 IC SVRR 

Rejection 

Ratio 



1.2 %FSR/V AIFS/AV+ 



2.4 



8.Q 



Alo(FS) 1 

V j LSB 



Notes: 1. Zero-scale symmetry is defined as follows: 
255(lo(ZS)-lo(ZS)/lo(FS). 

2. Gain error is defined as follows: 
100(lo(FS) X 256/255 - 4lREF)/4iREF- 

3. Full-scale symmetry is defined as follows: 
255(lo(ZS) - lo(ZS))/lo(FS). 







Limits 




Max. 




Parameter 


Symbol 


Min. 


Typ. 


Unit 


Supply 
Voltage 


V+ 


4.75 


5.0 


5.25 


V 


Reference 
Current 


iref 


225 


250 


275 


//A 


Full-scale 
Current 


"FS 


0.9 


1.0 


1.1 


mA 


Reference 
Force 
Terminal 
Voltage 


Vref 


2.65 


2.7 


2.75 


V 


Low-Level 
Logic Input 


V|L 







0.8 


V 


High-Level 
Logic Input 


V|H 


2.0 




V+ 


V 


Analog Output 

Pull-up 

Voltage 


Vp 


2.4 




3.0 


V 


SO Pin 17 
Output Pull-up 
Voltage 


VOP 






V+ 


V 


Frequency 
Compensation 
Capacitor 
(See Note) 


CCOMP 


0.01 


0.1 


1.0 


/iF 



Note: Using a frequency compensation capacitor larger than 1 ywF will 
promote low noise operation of the yuPD7001C. However, the 
turn-on time at initial power on will increase. 
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AC Recommended Conditions 

Ta = 25°C + 2°C; 

V+ = 5 V + 0.25 V; Note 1 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min. Typ. Max. 


Conditions 


Serial Mode 


Serial Clock 
Setup Time 


»SKCS 


30 


ns 


SCK t - CS i 


CS Setup 
Time 


tSCSK 


SOD 


ns 


CSi->SCKt 


Data Setup 
Time 


tSIK 


120 


ns 


SI-*SCKt 


Data Hold 
Time 


tHKI 


50 


ns 


SCK t- SI 


High-Level 
Serial Clock 
Pulse Widtii 


tWHK 


300 


ns 




Low-Level 
Serial Clock 
Pulse Widtli 


«WLK 


300 


ns 




Strobe Hold 
Time 


tHKST 


100 


ns 


SCKt-STBt 


High-Level 
Strobe Pulse 
Width 


tWHST 


200 


ns 




Low-Level 
Strobe Pulse 
Width 


tWLST 


200 


ns 




Chip Select 
Hold Time 


tHKCS 





ns 


scict-cst 


Serial Clock 
Hold Time 


tHCSK 


100 


ns 


CSt-*SCKi 


Strobe Setup 
Time 


tSSTCS 


300 


ns 


STBf-CSi 


Parallel Mode 


Address 
Setup Time 


tAW 





ns 


CS i - WR i 


Low-Level 
WR Pulse 
Width 


tww 


200 


ns 




Hold Time 


tWA 





ns 


WRt-*CSt 


Data Setup 
Time 


^DW 


180 


ns 


DB-WRt 


Data Hold 
Time 


tWD 





ns 


WRI-DB 



AC Characteristics 

Ta = 25°C + 2°C; V+ = +5 V 



Limits 



CwitihnI Min Tun 



Test 

Pnnflitinne 



Analog . 

Output ^^"^^ ^ 3 f^^ Parallel Mode, 

Setting Time ^?*?.\ 

Serial Mode, 



tSET2 



1 



//s 



Serial Data 
Delay Time 



tDKO 



450 



Delay 
Time Tq 
Floating Sq 



IFCSO 



250 



Notes: 1 . Rl < 2 kO; Cl < 20 pF. 
2. Rl = 2 kQ; Cl < 20 pF. 

Typical Applications 

Connection Diagram 



0.1 



Vref(S) Vref(F) 



GND COMP 



100 k 
Vri 



Note 2 



SCK i -> SO, 
Note 2 



CS t - SO, 
High Impedance 



10 k< 
Vr2> 



Notes: 1. Use resistors of 1% accuracy. 

2. Capacitive load at Vrep(F) pin should be less than 15 pR 

3. Adjustment Procedure 

a. SetVREF(F) = 2.7VbyVRi. 

b. After latching full-scale digital input, set Vq = 2.0V 
by Vr2. 



Note: tp tf < 50 ns. 
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Timing Waveforms 

Parailel Mode 



Serial Mode 




/ ^^ 




Wt7 



— ^ I-*— IDKO 

-oobc: 




N_'' 



♦ tsSTCS*- 

tWHST 




^ 
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PRELIMINARY INFORMATION 



//PD6950 

8-BIT CMOS VIDEO 

A/D CONVERTER 



Description 

The //PD6950 is an 8-bit A/D converter for video 
signals. Although it is a CMOS converter (V+ = 5 V), its 
conversion rate is very high because a high-speed 
CMOS processing technique and full-parallel (flash) 
conversion method are used. 

With its low power consumption and conversion rate of 
20 Msps, this converter can be applied to various units 
such as digital video processing systems and high- 
speed fascimiles. 

Features 

D Resolution: 8 bits 

n Conversion rate: 20 Msps (V+ = 5 V) 

D Linearity: ±1/2 LSB typ 

D Reference voltage: 3.5 V typ 

D Power supply: 5 V single 

D Low power consumption (350 mW typ) 

D Available in 24 lead DIP 

Absolute iVIaximum Ratings 

Ta = 25°C 



Pin Configuration 



Power Supply Voltage 


-0.3 to +7.0V 


Input/Output Terminal Voltage 


-0.3 to VoD+0.3V 


Analog GND Voltage 


-0.3toV|N+0.3V 


Reference GND Voltage 


-0.3 to +0.3V 


Operating Temperature Range 


-20 to +75 °C 


Storage Temperature Range 


-40to+125°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


ywPD6950C Plastic DIP 


-20°Cto+75°C 















DB4C 


1 


O' 


24 


DDB5 


DB3C 


2 




23 3 DBe 




DB2C 


3 




22 


DDB7 




DBi [MSB] C 


4 




21 


3 DBs [LSB] 




OVER C 


5 


U 


20 


3GNDD 




v+C 


6 




19 


DGNDa 




AV+ C 


7 


Q 


18 


DRB 




RTC 


8 


•i 


17 


DNC 




gnddC 


9 




16 


Dv.N 




CLKC 


10 




15 


DNC 




v+ C 11 




14 


Dgnda 




AV+ C 12 




13 


Dgnda 


83-001 91 5A 













Pin identification 




Pin 


Symbol 


Function 


1 


DB4 


Digital output 4th 


2 


DB3 


Digital output 3rd 


3 


DB2 


Digital output 2nd 


4 


DBi 


Digital output MSB 


5 


OVER 


Overrange 


6 


AV+ 


Analog power supply 


7 


V+ 


Power supply 


8 


RT 


Reference voltage (high 
voltage side) 


9 


GNDq 


Digital GND 


10 


CLK 


Clock input 


11 


V+ 


Power supply 


12 


AV+ 


Analog power supply 


13 


GNDa 


Analog GND 


14 


GNDa 


Analog GND 


15 


NC 


No connection 


16 


VIN 


Analog input 


17 


NC 


No connection 


18 


RB 


Reference voltage (low 
voltage side) 


19 


GNDa 


Analog GND 


20 


GNOd 


Digital GND 


21 


DBs 


Digital output LSB 


22 


OB7 


Digital output 7th 


23 


DBfi 


Digital output 6th 


24 


OB5 


Digital output 5th 
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Block Diagram 





Differential 
Comparators 



Reference Resistor 
Chain 



Timing 
Gen. 



Timing 
Gen. 



255 to 8 
Encoder 






Electrical Characteristics 

Ta = 25 °C, V+ = AV+ = 5V, sampling rate = 20 MHz 





Symbol 




Limit 




Unit 


Test 


Item 


Min. 


Typ. Max. 


Conditions 


Current Consumption 


Idd 




50 




mA 




Resolution 


RES 




8 




bit 




Non-Linearity 


NL 






1.5 


LSB 


Vref=3.5V 


Differential Gain 


DG 






5 


% 


tSAMP=14.318IVIHz 


Differential Pliase 


DP 






5 


° 


fsAiviP=14.318MHz 


Reference Resistance 


Rref 




1.5 




kQ 




Data Output 
High-level Current 


■oh 






1.0 


mA 


VoH = Z.5V 


Data Output 
Low-Level Current 


lOL 


1.8 






mA 


Vol = 0.4V 



Recommended Operating Conditions 

Ta = 25°C 





Symbol 




Limit 


Unit 


Test 


Item 


Min. 


Typ. Max. 


Conditions 


Power Supply Voltage 


V+, AV+ 4.5 


5.0 5.5 


V 




Reference Voltage 


Vref 


2.5 


3.5 3.5 


V 




Sampling Clock 


'samp 




20 


MHz 




CLK Input High Level 


V|H 


2.7 




V 




CLK Input Low Level 


V|L 




0.4 


V 




Output Code 






Binary 
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Pin Functions 

DBi to DBs 

DBi to DBsaretheB-bitdigital signal outputterminals. 
The analog signal input to terminal 16 (analog input 
terminal) is converted and sent from these terminals as 
an 8-bit digital signal. DB-i corresponds to MSB, and 
DBs corresponds to LSB. 

OVER 

OVER is the overflow output terminal. When the analog 
input level (terminal 16) exceed the value of Vqver. ^ 
high level is sent from this terminal. 

(VoVER = (255 + 1/2) LSB, 1LSB - (Vrt-Vrs)/256 

CLK 

CLK is the A/D conversion clock input terminal. The 
analog data is latched on the rising edge of this clock. 
The internal encoder and latch circuit operations are 
synchronized with the timing pulses generated by this 
clock. 

VIN 

VIN is the analog input terminal. The analog signal to 
this terminal is converted on the rising edge of the CLK 
input clock and issentfrom terminals DBi toDBsasan 
8-bit digital signal. 

RT 

RT is the reference voltage input terminal on the high 
voltage side. It is the Vref input terminal. 

RB 

RB is the reference voltage input terminal on the low 
voltage side. Normally, OV is applied to this terminal. 

AV+ 

AV+ is the power supply terminal for an analog system. 

V+ 

V+ is the power supply terminal for a digital system. 



GNDa 

GNDa is the ground terminal for an analog system. 

GNDd 

GNDd is the ground terminal for a digital system. 

NC 

NC is a non-connection terminal, but normally, it is 
connected to GNDa- 

Typical Applications 

Test Circuit 



8-bit Digital Output 



^ 



-II 



II 



1 Digital 

V GND 

I Analog 

^^ GND 



Analog Sig. 
INPUT 
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Typical Applications (Cont.) 

Application Circuit 



+5 V Digital Power Supply 



+5 V Digital Power Supply 



I i 



DB3 
DB2 
DBi 



DBS 
DB6 
DB7 
DB8 



OVER O DGND 
DVdd S agnd 



AVdD Q. RB 

RT NC P 

DGND V|N 

CLK NC 

DVdd agnd 
avdd agnd 



V 

VreF [3.5 V] 



J47 _ 0.( 



+12 V 

9 



0.U1 

>E1 



> 



[1] Unless otherwise specified, values are in ohms and microfarads. 



J220 I 

m 



-^> 1 kQ 20 kO < 



"Xlpoi 
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Timing Waveform 



I \| Analog data latch \| 

VIN L — ^ 




Output Data Format 



LSB = 



Vrt-Vrb 

256 













Digital output 








Analog input 


OVER 


DB1 


DB2 


DBS 


DB4 


DBS 


DB6 


DB7 


DBS 


VRBto1/2LSB 





























1/2 LSB to 1+1/2 LSB 


























1 


254+l/2LSBto255 + l/2LSB 





1 


1 


1 


1 


1 


1 


1 


1 


255 + 1/2 LSB to Vrt 111111111 


VRTtoV+ 111111111 
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//PD7001 

8-BIT CMOS 

SERIAL OUTPUT 

A/D CONVERTER 



Description 

The )uPD7001 is a high performance, low power, 8-bit 
CMOS analog-to-digital converter. Using the Succes- 
sive Approximation Register (SAR) technique, the 7001 
offers the designer the convenience of serial data output 
and microprocessor interface, with the versatility of four 
addressable multiplexed analog inputs and low power 
CMOS operation. 

Features 

D 4 channel multiplexed analog input 

n Auto zero and full scale correction without external 

components 
D Serial data output 
D High input impedance 1000 MO 
D Operates from a single +5 V supply 
n Low power operation (CMOS) 
D 140 //s conversion speed 
D Linearity: 0.8% FSR 

Ordering Information 



Pin Configuration 



Part 
Number 


Package 


Operating 

Temperature 

Range 


/yPD7001C 


Plastic DIP 


G°Cto+70°C 


Absolute Maximum Ratings 

Ta = 25°C 


Operating Temperature 




0°Cto+70°C 


Storage Temperature 




-65°Ctol25°C 


Analog Input Voltage 




-Q.3VtoV+ + 0.3V 


Reference Input Voltage 




-0.3VtoV+ + 0.3V 


Digital Input Voltage 




-0.3 V to +12 V 


Maximum Pull-up Voltage 




+12V 


Supply Voltages 




-0.3 V to +7 V 


Power Dissipation 




200 mW 



Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 















EOCC 


1 


^U 


16 3 v+ 


DLC 


2 




15 D Vref 




SIC 


3 


O 


14 3 GND 




sckC 


4 


s 


13 3 A3 




soc 


5 


s 


12 


II A2 




csC 


6 




11 


DAi 




CLOU 7 




10 HAo 




CLiC 8 




9 DgND 
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Pin Identification 






Pin Name 


Symbol 


Function 


1 End of Conversion 


EOC 


High impedance when 
CS = Low. Open drain 
output. 


2 Data Latch 


DL 


MPX addresses are latched at 
the falling edge of DL input. 


3 Serial Input 


SI 


Pin to accept MPX address 
data. Data read at the rising 
edge of SCX input. 


4 Serial Clock 


SCK 


SCK controls the shift 
operation of I/O interface 
8-bit shift register. Input. 



Serial Output SO Conversion data in shift 

register are output at the 
falling edge of SCJ(, High 
impedance when CS = High. 
Open drain output. 



6 


Chip Select 


CS 


CS = High: A/D conversion 

mode 

CS = Low: Interface mode. 

Input. 


7 


Clock 


CLO 


Pin for clock oscillation. 


8 


Clock 


CL1 


Pin for clock oscillation. 


9 


Digital Ground 


vss 


Ground terminal. Tie to GND 
with analog GND externally. 


10-13 


niifliuy iiipiiio 


AotoAg 


Analog Input terminals. 


14 


Analog GND 


GND 


Ground terminal for analog 
inputs and references. 


15 


Reference Input 


Vref 


Pin to set full scale voltage. 
Vref- 2.5 V. 


16 


Power Supply 


v+ 


+5V 
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Block Diagram 



+5V 
O 



DL SI SCK 

cp o o 




so 

o 



> 4 k EOC 

^ Q 



9-Bit Shift 
Register 



Successive Approximation 
Register 



^ 



CS END 



Sequence 
Controller 



IT 



a 



Analog 
Ground 
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DC Characteristics 

Ta = +2500 ±200; folk = 


400 kHz; 


V+ = 5 V, ±0.25 V, Vref = 2.500 V, 


Note1 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


IMax. 


Conditions 


Resolution 








8 


Bit 




Nonlinearity 


NL 






0.8 


%fsr 




Full-Scale Error 






1 


Z 


LSB 




Full-Scale Error 
Temperature Coefficient 






30 




ppm/°C 




Zero Error 








2 


LSB 




Zero Error 
Temperature Coefficient 






30 




ppm/°C 




Total Unadjusted Error 1 


TUE1 






2 


LSB 


Note 4 


Total Unadjusted Error 2 


TUE2 






2 


LSB 


Note 5 


Analog Input Voltage 


V,N 







Vref 


V 


Hotel 


Analog Input Resistance 


R|N 




1000 




MO 


Vi = to V 


Conversion Time 


ICONV 




140 




fjS 


Note 2 


Clock Frequency Range 


folk 


0.01 


0.4 


0.5 


MHz 




Clock Frequency Distribution 


Afcik 




±5 


±20 


% 


R = 27 KO. C = 47 pF. fcK = 400 kHz 


Serial Clock Frequency 


tSCK 




0.5 




MHz 


Note 3 


High Level Voltage 


V|H 


3.6 






V 




Low Level Voltage 


V|L 






1.4 


V 




Digital Input Leakage Current 


IlLK 




1.0 


10 


/^A 


V| = Vssto+10V 


Low Level Output Voltage 


Vol 






0.4 


V 


l0L=1-7mA 


Output Leakage Current 


'OLK 




1.0 


10 


/iA 


Vo = +10V 


Power Dissipation 


pd 




5 


15 


mW 





Notes: 1. 

2. 



All digital outputs are put at a high level when V|>\/ref. 

A/D conversion is started with CS going high; at the final step of the first A/D conversion, EOC is low. The conversion time is: 

*CONV = 56/CK 
For *SCK<500 kHz, the load capacitor (stray capacitance included) and the pull-up resistor, which are connected to serial output, 
are required to be not more than 30 pF and 4 kil respectively. 
V+ = 5.0 V, Vref = 2.5 ± 0.25 V. 
V+ = 4.5 to 5.5 V. 
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AC Characteristics 

Ta = +25 °C ± 2°C; fdk = 400 kHz; V+ = 5 V, 
Note1 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min. 


Typ. Max. 


Conditions 


EOCHold 
Time 


tHECS 


G 




//s 


EOCtoCS 


CS Setup 
Time 


>SCSK 


12.5 




A'S 


CStoSCK 
Notel 


Address Data 
Setup Time 


tSIK 


15G 




ns 




Address Data 
Hold Time 


tHKI 


1G0 




ns 




High Level 
Serial Clock 
Pulse Width 


tWHK 


4GG 




ns 




Low Level 
Serial Clock 
Pulse Width 


tWCK 


4GG 




ns 




Data Latch 
Hold Time 


tHKDL 


2GG 




ns 


SCKtoDL 


Data Latch 
Pulse Width 


tDKO 


2GG 




ns 





Serial Data 
Delay Time 



tQKG 



5G0 



SCK to SO, 
Rl = 3K 
(Note 2). 
Cl = 30 pF 



Delay Time 
to Floating 



tFCSO 



250 



CS to High 
Impedance SO 



CS Hold 
Time 



tHKCS 200 



Notes: 1. When CS is high, the yuPDTOOl performs A/D conversion 
and does not accept any external digital_s[gnal. It remains 
at the previous state continuously. When CS is low, the data 
is exchanged with the external digital circuits. However, 5 
internal clock pulses are needed before digital data is out- 
put. The rating corresponds to the 5 clock signal pulses: 
tscSK (n^in) = 5/fcik 
2. The serial data delay time depends on load capacitance and 
pull-up resistance: t^Ko = 2.3 X Rl X C|_ + 100 ns. 



Addressing the inputs 

One of the four analog inputs is selected by toggling the 
chip select line at pin 6 "low" and presenting a 2-bit serial 
code 'from the host controller) to the Serial In^^ut (S!) at 
pin 3. 

The "channel select" data is sent to the upper 2 bits of 
the 9-b it sh ift register on the rising edge of the Serial 
Clock (SCK) at pin 4 and loaded into the Data Latch on 
the falling edge of the Data Latch signal at pin 2. 

Referring to figure 1 the analog input addressing se- 
quence is: 

n Chip Select (CS pin 6) toggled "low" or 

D 2-bit "channel sele ct" d ata presented to SI and pin 3 

D Data shifted in on SCK rising edge 

D Data Latch signal present at pin 2 (pulse is 200 ns 

min.) 
D Mux address data latched on falling edge of DL signal. 



Multiplexer Channel Selection 




Input DO 


D1 


AG Low 


Low 


A1 High 


Low 


A2 Low 


High 


A3 High 


High 



Figure 1. Analog Channel Selection 



H I-*— tsCSK ►! tHKCS |-« 

~1 \ \ \ 

H I-* *SrK ^1 h *HKI 



JC^-ZXEX 



]■< tHKDL 



n 



•"I !-• twHDL 

Note: Addressing the //PD7001 inputs can be implemented simul- 
taneously with Serial Data Output. 

Rise and Fall times of all signals should not exceed 50 ns. 
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The Conversion Process 

When Chip Select (CS) at pin 6 is "high," all external 
inputs (except the selected analog input) and outputs are 
disabled and the internal Sequence Controller controls 
the conversion process on the selected analog input via 
the A/D converter section. 

The A/D converter section is comprised of the compar- 
ator and buffer amplifier, the successive approximation 
register and an 8-bit digital to analog (D/A) converter. 
Because the SAR technique requires the input voltage 
be stable during the conversion process, it is recom- 
mended that a low pass filter and a sample and hold cir- 
cuit precede the analog input. Failure to present stable 
input voltage will result in conversion errors. 

A single conversion requires 56 internal clock periods, 
which are clock periods generated by the Sequence 
Controller Clock (CLO) and CL1 at pins 7 and 8 respec- 
tively. The internal clock speed is set by Rcl and Ccl and 
the values shown in figure 2 are recommended for proper 
timing. 

The final step in the conversion process is the transfer 
of converted data to the shift register and signaling (to 
the external controlling device) that the converte d data 
is available for reading, via the End of Conversion (EOC) 
pulse at pin 1. 

If the data is not to be read then the Chip Select (CS) line 
is kept in the "high" state and the Sequence Controller 
begins the next conversion of the last selected analog 
channel. Note again that "channel select" data and "con- 
verted" data output can only be initiated while the Chip 
Select line is "low." The sequence of data conversion 
and output is shown in figure 2. 

Sequence: 
D Analog channel selection (1 of 4): 

CS = "low" 
D Analog-to-digital conversion (internal): 

CS = "high" 
D Internal load of "converted data" to shift register (56 

internal clock cycles): 

CS = "high" 
D EOC signals data ready to external controller: 

CS = "high" 
D Output of serial data to controlling device and/or 

refresh of analog input select data: 

Us = "low" 



Stability of the analog input voltage level is critical to the 
conversion accuracy of the //PD7001, as with any SAR 
type converter, during the conversion cycle. When CS 
is "high," the converter responds to whatever voltage 
level is present at the selected input. For DC level sam- 
pling from remote sensors a low pass filter (similar to that 
shown in figure 3) and a sample and hold circuit (such 
as the //PC398) is recommended. 



Figure 2. 


Digital Data Output 




EOC 


LJ 




► |-» tHECS 


CS 


1 1 


tsCSK ^1 


-« ^1 -i^twLK 




tWHK 


1^- 


SCK 


u u u u 




^1 l^* tDKO tpcSO ^1 |-* 


SO 


VX^fiAvO<i::if2Xi!iy 


Notes 


: Serial Data Output and Analog Channel Select Data input 
can be performed simultaneously. 




Two bits of the 9-bit shift register are used to shift data into 
the multiplexer data latch between conversion/output 
cycles. Conflict between Address Data and Output Data is 
avoided by timing shown in Figures 1 and 2. 
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Figure 3. Low Pass Filter Circuit 
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Note: The data in the internal Data Latch and the internal Sequence 
Controller at "power on" is random. It is recommended that 
at "power on" the sequence controller be reset and the multi- 
plex address setting be set prior to the first conversion read. 

When long leads are used to connect external components 
to the //PD7001, noise and interference may alter the expected 
result. It is strongly recommended that trace and lead length 
be kept to a minimum tor optimum performance. 
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Operating Characteristics 

Ideal Input/Output Transfer Characteristics 
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Operating Characteristics (Cent.) 

Total Unadjusted Error vs. Vref 
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Output Sink Current vs. Saturation Voltage Characteristics 
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A(PD7002 

10-BIT CMOS 

INTEGRATING 

A/D CONVERTER 



Description 

The//PD7002 is a high performance, low power, 10-bit 
CMOS analog-to-digital converter. Using the integrating 
technique the 7002 offers the designer full microproc- 
essor interface, four multiplexed analog inputs, and low 
power CMOS construction. 

Features 

n 8- or 10-bit resolution (selectable) 

D 4 channel multiplexed analog input 

D Auto zero and full scale correction without external 

components 
D High input impedance — 1000 MO 
D Internal status register can be accessed by host 

controller 
D Operates from single +5 V supply 
D Interfaces to most 8-bit microprocessors 
D Low power operation (CMOS) 
n 5 ms conversion speed (10 bits with fcK = 2 MHz) 
D Available in two performance ranges: 

Conversion accuracy (maximum with 

TA = 0to+50°C): 

/iPD7002C-1 0.1% FSR 

A(PD7002C 0.2% FSR 

Ordering information 



Pin Configuration 



Part 
Number 


Package 


Operating 

Temperature 

Range 


/yPD7002C 


Plastic DIP 


-20°Cto+70°C 


Absolute lyiaximum Ratings 

Ta = 4-25°C 


Operating Temperature 




-20°Cto+70°C 


Storage Temperature 




-65°Cto+150°C 


Power Supply Voltage 




-0.3 V to +7.0 V 


All Input Voltages 




-0.3 V to V+ 0.3 V 


Power Dissipation 




300 mW 


Analog GND Voltage 




+ 0.3V 



Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification Is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 
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28 


Heoc 


XiC 
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gndC 
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26 


DAo 




CiC 


4 




25 IJRD 




GDC 


5 




24 


HWR 




CiE 


6 


y 


23 DCS 




gdC 


7 





22 UDo 




VrefC 


8 


Q 


21 HDi 




gndC 


9 


•i 


20 


DD2 




CHaC 


10 




19 


DD3 




CH2C 


11 




18 


3D, 




CHiC 


12 




17 


DDs 




CHoC 


13 




16 


DDe 




v+C 


14 




15 


3Dr 
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Pin identification 



Pin 


Name 


Function 


1.2 


Xq.Xi 


External clock Input 


3 


GND 


TTL ground 


4,6 


CI 


integrating capacitor 


5.7 


GD 


Guard 


8 


Vref 


Reference voltage Input 


9 


GND 


Analog ground 


10 


CH3 


Analog channel 3 


11 


CH2 


Analog cliannel 2 


12 


CHi 


Analog ctiannel 1 


13 


CHq 


Analog cliannel 


14 


V+ 


Voltage (+5 V) 


15-22 


D7-D0 


Data bus 


23 


cs 


Chip select 


24,25 


WR,RD 


Control bus 


26,27 


Ao,Ai 


Address bus 


28 


EOC 


End of conversion interrupt 
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Block Diagralim 



cs 

WR 



Data Bus 
D7~Do 



Lili 



3 State 
I/O Port 



Sequence 
Controller 



XT 



T 

o 



Control 
Word Latch 



High Byte ' 



Low Byte 



Conversion 
Data Latch 



:<^ 



^ 



r) 



Status 
Latch 



Analog Input 
CHo CHi CHj CH3 



(12 Bit) 



-QVref 



A/D 
Analog 
Block 



A/D 
10/8 
Digital 
Block 



J 



^Analog 

■^ GND 



Digital I/O Pin Function 






Pin 


Symbol 


Name 


I/O 


Function 


1,2 


XO.X1 


Xtal 


— 


Xtal OSC. Xi can be used as the input of external clock. 


15-22 


D7-D0 


Data Bus 


Three-state 
(1 m) I/O) 


A/0 conversion data (High and Im Byte) and internal status output to 8-bit Oata Bus. MPY 
Address, 8/10 select and flag data input from bus. High impedance when /yP07002 Is not 
enabled (CS = High). 


23 


CS 


Chip Select 


Input 


Low level of CS makes other input pins (WR, RD, Aq, Ai) enable and data transmission and 
receiving are possible through data bus pins. 


24 


WR 


Write 


Input 


When WR = Low, a(P07002 receives new data from data bus. 


25 


Fd 


Read 


Input 


When P = Low. /yP07002 transmits conversion data and internal status to data bus. 


26,27 


Ao-Ai 


Address 


Input 


Aq, Ai designate the data in data bus (High, Low, Status Byte). 


28 


EOC 


End of Conversion 


Output 
(im) 


EOC indicates the end of conversion to external chips. Read mode operation (high byte 
output) resetable EOC. 
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DC Characteristics 

Ta = 0°C to +50°C; V+ = +5 V + 0.25 V 

Vref ^ +2.50 V, fcik = 1 MHz, CiNT = 0.033 fjF, 10-Bit Mode 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


■Max. 


Conditions 


Resolution. 7002C-1 




10 


11 


12 


Bits 




Resolution. 7002C 




9 


11 


12 


Bits 




Noniinearity, 7002C-1 






0.05 


0.1 


%FSR 




Nonlinearlty. 7002C 






0.1 


0.2 


%FSR 




Full Scale Error. 7002C-1 






0.05 


0.1 


%FSR 




Full Scale Error. 7002C 






0.1 


0.2 


%FSR 




Zero Scale Error, 7002C-1 






0.05 


0.1 


%FSR 




Zero Scale Error, 7002C 






0.1 


0.2 


%FSR 




Full Scale Temperature Coefficient 






10 




ppm/° 




Zero Scale Temperature Coefficient 






10 




ppm/°C 




Analog input Resistance 


R|N 




1000 




MQ 


V|N = OtoV+ 


Total Unadjusted Error 1,7002C-1 


TUEl 




0.05 


0.1 


%FSR 




Total Unadjusted Error 1,7002C 


TUEl 




0.1 


0.2 


%FSR 




Total Unadjusted Error 2, 7002C-1 


TUE2 




0.05 


0.1 


%FSR 




Total Unadjusted Error 2, 7002C 


TUE2 




0.1 


0.2 


%FSR 




Clocl( Input Current 


■elk 




5 


50 


//A 


X| pin can be used as an external CMOS level clock input 
When external clock is applied. Xq pin should be left open. 


High Level Output Voltage 


VOH 


V+-1.5 






V 


lo = -1.6mA,TA = -20to+70°C 


Low Level Output Voltage 


Vol 






0.45 


V 


lo-1.6mA.TA = -20to+70°C 


Digital Input Leakage Current 


iiLK 




1 


10 


M 


< V|N < V+ 


Output Leakage Current 


'OLK 




1 


10 


//A 


< V|N < V+ 


Power Dissipation 


Pd 




15 


25 


mW 
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AC Characteristics 

Ta = +25 °C; V+ = +5 V ± 0.25 V, 


Vref = 


+2.5 V, f 


.lk = 1 


MHZ,C,NT = 


- 0.033 yuF 








Symbo! 




Limits 








Test 
CGRditicns 




Parameter 


"!!!. 


Typ. 


Max. 


Unit 




Conversion Speed (10 bit) 


tCONV 


8.5 


10 


15 


ms 








Conversion Speed (8 bit) 


tCONV 


2.4 


4 


5 


ms 








Address Setug^Time CS, 
Aq, An toWR 


<AW 


50 






ns 








Address Setu^Time CS, 
Aq.AII toRD 


tAR 


50 






ns 








Address Hold Time WR to CS, 
Aq-Ai 


tWA 


50 






ns 








Address Hold Time RD to CS, 
Aq.Ai 


tRA 


50 






ns 








Low Level WR Pulse Width 


tww 


400 






ns 








Low Level RD Pulse Width 


tRR 


400 






ns 








Data Setup Time Input Data to Wr 


tow 


300 






ns 








Data Hold Time WR to Input Data 


two 


50 






ns 








Output Delay Time RD to Output 
Data 


tRD 






300 


ns 




Notel 




Delay Time to High Z Output RD to 
Floating Output 


tOF 






150 


ns 









Note: 1 TTL load + 100 pF. 

Recommended Operating Conditions 

Ta = +25°C 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min. Typ. Max. 


Conditions 


Supply 
Voltage 


V+ 


4.75 5.00 5.25 


V 




Reference 
Voltage 


vref 


2.25 2.50 2.75 


V 




Analog Input 
Voltage 


V|N 


Vref 


V 


Notel 


Clocl( 
Frequency 


fclk 


0.5 1 3 


MHz 


Note 2 


Integrating 
Capacitor 


C|NT 


0.029 0.033 


y«F 




High Level 
input 


V|H 


2.2 


V 


Note 3 


Low Level 
Input 


V|L 


0.8 


V 


Note 3 


High Level 
Clock Input 


VXHL 


V+ 
-1.4 


V 


Note 3 


Low Level 
Clock Input 


VXLL 


1.4 


V 


Note 3 



Notes [Cont.]: 

2. Integrating capacitor: C|nt depends on clock frequency 
and can be obtained as follows C|NT(/yF) = 0.033/fcik 
(MHz). Note that conversion time is inversely proportional 
to the clock frequency. 

3. TA = -20°Cto+70°C, V+ = +5V±0.25V. 

Timing Waveforms 



Write Mode 




Notes: 1. Negative voltage input (< —0.2 V) decreases the input 
impedance. Furthermore, conversion error for the input 
through another MPX channel also increases. 



Read Mode 
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Timing Wavsforms (Cent.) 



CS, Ao, Ai 

WR 

D0-D7 


A/DCon 


fersion Start — 


End 




Write Mode 


— EOC Output 
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1 


Status EOC 
Status BUSY 

Status MPX 

Conversion 
Data Latch 

EOC 

Internal 
Sequence 


4-y 








\ 


/ 




\ 




^> 




X 


Conversion 
Data 


A 




Previous Conversion Data 


X 




y STOP 








\ 






' t' 

START 




A/0 Conversion 




! 

End of 
Conversion 


STOP 



Read Mode (Status, Low Byte) 
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CS, Ao, Ai ^ 
RD — 


X X 


X X 


X A 


^fnCD^ 




IV^ 


^pCD 


Status Latch 


\Vi 


^ 




\ / 




\1' 


\1' X 


EOC 




V 




After A/D Conversion END 


A/D Conversion END and Low Byte Read IWIode 



Read Mode (High Byte) 



EOC 





After A/D Conversion END A/D Conversion END and High Byte Read IMode 

Read operation of High Byte resets the EOC (STATUS and EOC pin) 
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There is some uncertainty whetiier EOC is set or not, 
wiien data read operation is made simultaneously with 
the end of A/D conversion. Furthermore, the reading 
error occurs at this time, so in this case a dual read 
operation is recomrnenueu. 

Operating Characteristics 



Full Scale vs Vr^f 




1020 1021 1022 1023 1024 
= Vref 
Analog Input (LSB = Vref /1024) 



Total Unadjusted Error 




Transfer Characteristics with 
Respect to Vref 



Vref 


= 2.25V 






^ 


^ 


X 


^ 


^ \ 

Vref 


= 2.75V 

1 



Addressing the Inputs 

One of the four analog inputs is selected by initiating a 
write mode from the external controller with the control 
signals as follows: CS (pin 23) = "low;' RD (pin 

25) = "high," WR (pin 24) = "low," A1 (pin 27) and AO (pin 

26) = "low." 

The analog input select data is presented to DO (pin 22) 
and D1 (pin 21) and the desired channel (1 to 4) is 
selected. The conversion resolution mode is also 
selected during "write" mode by presenting a "high" for 
10-bit mode or "low" for 8-blt mode, to D3 at pin 19. 

Sequence 

D Initiate "write" mode (CS = 0, RD = 1, WR = 0, 

A1 /A2 = 0). 
D Present data for analog channel select to DO, D1. 





DO 




D1 


CHO 


= L 




L 


CHI 


= H 




L 


CH2 


= L 




H 


CHS 


- H 




H 


/ersio 


n resolution data t( 




10 BIT = 


= H 






8BIT = 


= L 





During the write mode the only available function of the 
//PD7002 is data input from the controlling system. When 
the write function is terminated the A/D conversion proc- 
ess starts. 

The Conversion Process 

During the "write" mode the internal sequence controller 
is initialized and ready to take control of the conversion 
process on the rising edge of the write pulse. All con- 
version functions take place with the//PD7002 in the "not 

selected" mode with the control signals set at: 

CS = "low," RD and WR "high . . . AO" and A1 "don't 
care." In the A/D section the analog signal is input via 
the multiplexer and compared to Vref a* P'" 8 (Vref sets 
the maximum full-scale input signal which can be con- 
verted). At this point the internal sample and hold for auto 
zero function and full scale correction are accomplished. 

The processed analog signal is then passed to the 
analog section where the integrating capacitor is 
charged for a given time period controlled by the clock. 
In this case the period is 8192 clock periods. The capaci- 
tor is then terminated to ground and the falling slope is 
measured by the number of clock cycles to the zero 
crossing point. The number of clock cycles from peak 
to zero (falling slope) is proportional to the value of 
V|N. The integrator is then set up for the next conver- 
sion cycle. 
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The digital section converts the pulses from the analog 
section to 12-bit code and sends the converted code to 
the conversion data register where the data is latched 
and ready for "reading" by the controlling device. The 
data is then "read" in two bytes by addressing AO and 
A1 while in the read mode. A1 = "low" AO = "high" reads 
the high data byte (DO to D7), and A1 = "high" 
AO = "either" reads the low data byte (D7 to D4). During 
the low data byte read DO to D3 are low and the data 
on D4 and D5 (bits 11 and 12) may not be accurate data. 

The internal status can also be checked while in the read 
mode by setting AO and A1 both "low." 

Operation of Individual Sections 

Sequence Controller (See Sequence Chart) 

The Sequence Controller controls the internal sequence 
of A/D conversion and the operation of the three-state 
I/O buffer. It is initialized by the write mode operation 
(analog MPX address and 10-/8-bit choice). After the 
write mode operation, the Sequen ce Co ntroller starts the 
A/D conversion, and outputs an EOC signal when the 
conversion is completed. There is no power-on-reset 
circuitry 

A/D Conversion Block 

In the A/D section, an analog signal is input through the 
MPX and is compared to Vref, after which it is converted 
to a digital output signal. Full scale analog input is equal 
to Vref- GND as an analog input is equal to zero scale. 
A/D conversion time depends on both analog input volt- 
age and conversion mode (10/8 bit). 

Three-State I/O Port Section 

The three-state I/O port section is controlled by the 
Sequence Controller. It accepts the MPX address input 
and conversion mode input (10-/8-bit choice). The 
three-state I/O port section outputs the internal status 
and conversion data high/low bytes. 



Conversion Data Latch 

After the end of conversion, the A/D section outputs new 
data to the Data Latch. The output of the Data Latch is 
connected to the three-state I/O ports, and the data can 
be read at any time. When Data Read occurs simultane- 
ously with an internal data transfer, a read error occurs. 
Therefore, two read operations should be made, unless 
Data Read occurs after the end of conversion. 

Status Latch 

The status latch stores the status data internal to the chip, 
and the internal operation state can be referenced by the 
status data. Status includes the following: 



BUSY, EOC: Internal sequence state of //PD7002. Write 
mode operatio n set s BUSY, and this is reset at the end 
of conversion. EOC is set at the end o f conversion, and 
High Byte Read Operation resets EOC. 

MSB, 2nd; 10-/8-Bit Flag MPX 

The data stored in the conversion Data Latch when the 
status reading operation is made can be output. There- 
fore, the data is refreshed at the end of conversion. 

Access to the //PD7002 from the CPU can be made by 
both interru pt an d polling methods. In the interrupt 
method use EOC as an inte rrupt signal. In the polling 
method, use EOC and BUSY in Status Byte. 

After the A/D conversion, the data in the conversion Data 
Latch does not change, and can be read repeatedly 
Therefore, fundamental instructions like Load, Store, 
Move, etc. can be used to access data (by placing the 
address of the /iPD7002 in memory area). Note that the 
access time (tpo) and the data setup time (tpw) of the 
//PD7002 are longer than that of the 8080 and 8085. The 
following program example shows the accessing of the 
yuPD7002 by polling method in an 8080-based system. 

MPX Channel Address Functions 




MPX Address 




Analog Input Channel 




Bit 


CHO 


CHI CH2 


CH3 


Dl 


L 


L H 


H 


Do 


L 


H L 


H 
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Control Terminal Functions 




Control Terminals 


Mode 


Internal 
Function 


Data I/O 


CS 


RD 


WR 


Al 


A? 


Terminals 


H 


X 


X 


X 




Not selected 






L 


H 


H 


X 




Not selected 


— 


High impedance 


L 


H 


L 


L 




Write mode 


Data latch A/0 start 


Input status, Di, Oq = MPX address D3 = 8-bit/10-bit conversion 
designation. Note 1.D7 = Flag input. 


L 


H 


L 


L 




Not selected 


— 




L 


H 


L 


H 




Not selected 


— 


High impedance 


L 


H 


L 


H 




Test mode 


Test status 


Input status, Note 2 


L 


L 


H 


L 




Read mode 


Internal status 


D7 = EOC, De = BUSY, D5 = MSB, D4 = 2nd MSB, D3 = 8/10, 
02 = Flag Output, Di = MPX, Oq = MPX 


L 


L 


H 


L 




Read mode 


High data byte 


O7-O0 = MSB - 8th bit 


L 


L 


H 


H 




Read mode 


Low data byte 


07-00 = 9th- 10th bit 


L 


L 


H 


H 


H 


Read mode 


Low data byte 


D3-Do = L 



Notes: 1. Designation of number of conversion bits: 8 bit = L; 10 bit = H. 

2. Test Mode: used for inspecting the device. The data input-output terminals assume an input state and are connected to the A/D 
counter. Therefore, the A/D conversion data read out after this is meaningless. 

Bit Function 





I/O 


Write Mode 






Read Mode 








Function 


Status Output 


High Byte Output 


Low Byte Output 


Bit 


10-Bit Note 2 


8-Bit 


10-Bit Note 2 


8-Bit 


07 


Output 




EOC 


MSB 


MSB 


gth 


Note 3 


06 


Output 




Busy 


2nd 


2nd 


LSB 


Note 3 


05 


Output 




MSB Note 1 


3rd 


3rd 


On 


Note 3 


04 


Output 




2nd Bit Note 1 


4th 


4th 


O12 


Note 3 


03 


I/O 


10/8-Bit 


10/8-Bit Note 1 


5th 


5th 


Low 


Low 


02 


I/O 


Flag input 


Flag Output Note 1 


6th 


6th 


Low 


Low 


01 


I/O 


MPX Address 


MPX Note 1 


7th 


7th 


Low 


Low 


00 


I/O 


MPX Address 


MPX Note 1 


8th 


8th 


Low 


Low 



Notes: 1. Previous conversion data. 

2. In 10-bit mode, the/iPD7002 operates as a 12-bit converter. Therefore, 11th and 12th bit data appear at Q11 and Q12. and the output 
of Qi-| and Q12 varies with analog input; however, the data contain internal noise and are meaningless. 

3. Not to be determined. 
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Typical Applications 

1. The high level input voltage of the/yPD7002C is 2.2 V. 
In a minimum component system configuration, t ying 
50 kO resistors to DB0-DB7, Aq, Ai, CS, RD, and WR 
is recommended. The fan-out of DB0-DB7 is 1 TTL 
level. In larger systems, use bus drivers as 
shown here. 

2. Use EOC as an interrupt signal if you have an 
interrupt-driven system. 

3. Use a 100 Hz low pass filter to decrease the conver- 
sion error. Using the diode protection circuit shown 
here is effective protection against high voltage 
surges. 

4. The //PD7002 uses the integration technique for 
A/D conversion, and it operates at a very low current 
level. The external Integrating capacitor (C|nt) 's 
directly connected to the internal integrator. Using the 
guard pattern as shown below makes the operation 
less sensitive to leakage current. 

5. Capacitors are tied to the X and Xq pins to stabilize 
the oscillation, use a ceramic capacitor about 50 pF. 
About 50 ms is required for stable oscillation after 
initial power-on. Therefore, the first Write Mode Oper- 
ation should occur after this interval. 



Typical Microprocessor Interface 



8080 

System 

Bus 



Analog 
Input 



10 RD 




10 WR 






S 8 I 


Data Bus ^^'^^ 






S 16 / 



Address Bus 

® 



© 



Address 
Decoder 



n 



EOC DB Ao Ai CS RD WR 
CHo 

CHi X 

CH2 

/iPD7002C 
CH3 

Vref X 

GND 

GNO V+ INTO Guard INTI 



T 



TXl 



® 
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Use of Bus Drivers 



System Bus 



DBo 

Q 



DBi 
Q 



DB2 

Q 



DB3 
Q 



DB4 
O 



DBo DBi DB2 DB3 

DIIN /uPB8216C C 

DLq DOq DLi DOi DL2 DO2 DLs DO3 



DBo l3Bi DB2 



DB5 

Q 



DBe 
Q 



DB7 
O 



DB4 DB5 DBe DB7 

llN ;uPB8216C C 

DLo DOq DLi POi DL2 DO2 DL3 DO3 



DB4 DBs DBe OB7 CS RD 
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Typical Applications (Cent.) 



Diode Protection Circuit 



+5V 
O 



A 1S953 



Analog 10k O 

Signal O — J — Vv\^ 
Input 



0.15:^ 5 ""sass 



1k n 



Guard Pattern 



Pin 5 — Guard 




Guard Pattern 



Pin 7-NC Pin s-Vre 

S) (5) 



Noise Reduction 

TheyuPD7002 is an integrating A/D converter; however, 
it operates at a relatively high speed and the normal 
mode noise rejection cannot be expected. Observance 
of the following points will minimize noise induction to 
the input of the analog circuit. 

D Use lower impedance in GND connection 

D Place the bypass capacitors for supply voltage and 

Vref and analog input close to the //PD7002 (one 

point GND is also effective) 
D Isolate analog circuitry from digital circuitry: 

— Component layout 

— GND wire layout 

— Shielding of analog circuitry (pin configuration of 
the/iPD7002 is suitable for the layout shown in the 
next figure) 

Siiield for Analog Circuitry 
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//PD7003 

8-BIT CMOS 

HIGH-SPEED 

A/D CONVERTER 



Description 

The //PD7003 is a high speed, high performance, low 
power, 8-bit analog-to-digital Converter designed to be 
easily interfaced to the 8080 and 8086, 8- and 16-bit 
microprocessors. Using the parallel conversion tech- 
nique, the//PD7003 features a conversion speed of 4 /js 
and eliminates the need of sample and hold circuits in 
most applications. The//PD7003 is also capable of run- 
ning under DMA control using a DMA controller such as 
the//PD8257. Available in a 24-pin ceramic/plastic DIP, 
the /t/PD7003 is the ideal converter for high speed 
8-bit designs. 

Features 

D High speed conversion (250 k samples/sec. max.) 
D Input consists of 255/1 matched autozeroed 

comparators 
n No missing codes over temperature range 
D Linearity ±1 .25 LSB max. 
D Three-state outputs 
D Overrange output 
D Operates from single +5 V supply 
D Low power consumption (50 mW) 

Ordering Information 



Pin Configuration 



Part 
Number 


Pacltage 


Operating 

Temperature 

Range 


/yPD7003C 


Plastic DiP 


-20°Cto+70°C 


yuP07003D 


Ceramic DIP 


-20°Cto+80°C 


Absolute Maximum Ratings 

Ta = 25°C 


Operating Temperature. C Package 


-20 to +70 °C 


Operating Temperature, D Package 


-20 to +70 °C 


Storage Temperature 




-65to+125°C 


All input Voltages 




-0.3toV++0.3V 


Power Supply 




-0.3 to +7 V 


Power Dissipation 




300 mW 


Analog GNO Voltage 




+0.3 V 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 















DB, C 
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24 3 DBo (LSB) 


DB,C 
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23 3 GNDd 




N.C.C 


3 




22 H GNDa 




DB3C: 
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21 U Vref(GND) 




DB4I: 


5 


Q 


20 


DViN 




DB,C 


6 


^ 


19 


DGNDa 




DBeC 


7 





18 


Doe 




DB7 (MSB) C 


8 


•i; 


17 


JDACK 




OVER Z 


9 




16 


DCS 




V+L 10 




15 


DCLK 




Vref C 11 




14 


3 I.e. (TEST) 




v+C 


12 




13 
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Pin 


Identification 


Pin 


Name 


Function 


1 


DB, 


7tli bit output 


2 


DB2 


6tli bit output 


3 


NC 


Non connection 


4 


DB3 


5tli bit output 


5 


DB4 


4th bit output 


6 


DB5 


3th bit output 


7 


DBe 


2th bit output 


8 


DB7 


iVISB output 


9 


OVER 


Overrange output 


10 


V+ 


Power supply (+5 V) 


11 


Vref 


Reference voltage input (positive) 


12 


v+ 


Power supply (+5 V) 


13 


MODE 


MODE control (note 1) 


14 


TEST 


Low: Device test [used for inspecting the device) 
High: Conversion 


15 


CLK 


Low: Previous data output 
High: Quantizing 


16 


cs" 


Chip select 


17 


DACK 


DMA Acknowledge 


18 


OE 


Low: Data output 
High: High impedance 


19 


AGND 


Analog ground 


20 


V|N 


Voltage input 


21 


VreF(GND) 


GND for Vref 


22 


AGND 


Analog ground 


23 


GND 


Digital ground 


24 


DBq (LSB) 


LSB 
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Pin Identification (Cont.) 



Notes: 1. 



Pin 


Name 


Function 


19 


GNDa 


Analog ground 


20 


VSIN 


Analog Input 


21 


Vrefn 


Refsrence voltage Input (negative) (Note 2) 


22 


GNDa 


Analog ground 


23 


GNDq 


Digital Ground 


24 


DBO 


LSB output 



inputs 


Mode 


OE 


8-vit Register 


1 


1 


Data refreshed with every CONV i 












1 









No change 



2. Tie to the analog ground unless external zero adjustment 
required. 



Blocic Diagram 



Vref Vin 

9 Q 



I" 






CMP 
X256 




Over Range 



^ 



Encoder 
(ROM) 



8 Bit 
Register 



■>- 



3-State 
Buffer 



) DBy 
)DB6 

— ODB5 
)DB4 
)DB3 
)DB2 
)DBi 

— O DBo 



i i i I T 

CS DACK OE CLK MODE 
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DC Characteristics 

Ta = +25°C,V+ = Vref = 


^5.0 + 0.25 V 












Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Power Supply Current 


Ice 




6.0 


18.0 


mA 


tcY = 4.0 //s, twLC = 2.0 /ys Note 1 


High Level Output Voltage 


VOH 


2.8 






V 


IQ = -2.0 mA 


Low Level Output Voltage 


Vol 






0.4 


V 


l0 = -1.0 mA 


Digital Input Leakage Current 


IjLK 




1 


10 


/^A 


V < V|N < V+ 


Digital Output Leakage Current 


'OLK 




1 


10 


/iA 


V < Vq < V+ 


Reference Input Current 


iref 


1.19 


1.79 


3.57 


mA 


CLK = H or L Note 1 


Analog Input Resistance 


R|N 


1 


35 




kO 


Ven = 2.5 V, tcY = 4 yws, tyvLC = 2 //s Note 2 


Reference Input Capacitance 


Cref 




100 




pF 


fcik = 1 MHz; unmeasured pins returned to Ground 


Analog Input Capacitance 


C|N 




100 




PF 


fcik = 1 MHz; unmeasured pins returned to Ground 


Power Dissipation 


pd 






50 


mW 


tcY = 4.0 //s, twLC = 2.0 fjs 



Notes: 1 . This means DC current. Tie the bypass capacitors (electrolytic capacitor > 1 0//F, ceramic capacitor >=« 0.01 /jF) to V+ and Vref P'^s, in 
order to absorb rush current (~ 10 mA). 

2. DC input equivalent circuit is shown below. 



R|N 

V|N o — v/v — f »► v+ 

Tie the bypass capacitor (> 0.01 fjF) to the analog input pin. 3 mA peak current flows into this pin. 

AC Characteristics Conversion Characteristics 

Ta = 25±2°C;V+^5.0V Ta = 25 ± 2°C; V+ = Vref = 5.0 V; 

Limits *CY = 4.0 //s; twLC = 2.0 /js 

Test 

Parameter Symbol Min. Typ. Max. Unit Conditions 

tDEO 100 350 ns OE I - DO 

Output toco 150 450 ns CONV i - DO 

Delay Time j^'^-^' ^'^^ gg^' * nj " *cs V^ Do" " 

iDCOVR 100 350 ns CONvV^' OVER 

DelayTime . . 'FED ^0 200 ns OE t ^ DO 

to Floating tpso 150 450 ns CS t - DO 

Note: /iPD7003C: Ta = 0°C to +70°C. 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min. Typ. Max. 


Conditions 


Resolution 


RES 


8 8 8 


Bits 


-20°Cto 
+80°C 


Nonlinearity 


NL 


±1.25 


LSB 




Full Scale 
Error 




±1.00 


LSB 




Full Scale 
Error Tem- 
perature 
Coefficient 




20 


ppm/°C 




Zero Scale 
Error 




-0.75 +0.75 


LSB 




Zero Scale 
Error Tem- 
perature 
Coefficient 




20 


ppm/°C 
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Recommended Operating Conditions 

Ta = 0°C to 70°C: /iPD7003C, 
Ta = -20°C to +80°C: /iPD7003D 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Supply 
Voltage 


V+ 


4.75 


5.0 


5.25 


V 




Reference 
Input Voltage 


Vref 


4.0 


V+ 


V+ 


V 




Analog 

Input 

Voltage 


V|N 


-0.1 




V+ +0.1 


V 




High Level 
Logic Input 


V|H 


2.4 




V+ 


V 




Low Level 
Logic Input 


V|L 


-0.1 




0.8 


V 




Sampling 
Rate 




10 




250k 


times/s 




Conversion 
Cycle Time 


tCY 


4.0 




100 


/iS 




CONV High 
Level Width 


tWHC 


2.0 






//s 




CONV Low 
Level Width 


tWLC 


2.0 






yUS 




CONV Setup 
Time 


tSCE 







Notel 


ns 


CONV i - OE i 


CS Setup 
Time 


»SSE 


100 






ns 


CSi-OEl 


CSHold 
Time 


tHES 









ns 


OEt--CSt 


OE Setup 
Time 


tSEC 


600 






ns 


OE i -* CONV I 


OEHold 
Time 


tHCE 


400 






ns 


CONV t - OE I 


OELow 
Level Width 


tWLE 


400 




Note 2 


ns 




Digital 
Input Rise 
and Fall 
Time 


Vtf 






50 


ns 





Notes: 1 . tscE (ns) < tcy (ns) - twLE (ns) - 100 (ns). 
2. twLE (ns) < tcY (ns) - tgcE (ns) - 100 (ns). 



Converter Operation 

Referring to the block diagram, the reference voltage is 
set externally to some desired level which references the 
individual internal components such that Voce is divided 
equally by 256 resistors in a ladder/divider configura- 
tion. The applied voltage to V|n is then compared to the 
reference level and the Individual samples are sent to the 
selector section where the individual signals are multi- 
plexed to form an address data word. The data word is 
then further encoded to form the final 8-bit data byte by 
the encoder ROM, and stored in the 8-bit register until 
the Output Enable Command. Then the data is sent to 
the data bus via a three-state buffer. 

IMode Select 

There are two modes of operation for the//PD7003. Fig- 
ure 1 shows the timing diagram for mode "0" where the 
converter is operating in continuous output mode. The 
analog input is sampled when the clock is in the "low" 
state. When the clock is in the "high" state the conver- 
sion from analog-to-digital takes place and the resultant 
data is output on the next falling edge of the clock pulse 
and the cycle is repeated. 

The second mode (Mode 1) is shown in figure 2. In this 
mode of operation, one conversion takes place while the 
clock is in the "low" state and the resultant data is held 
as long as out put en able and Chip Select (CS) or DMA 
Acknowledg e (PAC K) are "low." Data refresh is inhibited 
until CS and DACK are recycled. 

MODE = "HIGH" 

Data is refreshed on the falling edge of CLK, loaded 
during the "low" clock state, and converted and output 
during the "high" clock state. 

MODE = "LOW" 

Data is loaded and converted when Output Enable is 
"low" and refreshed only when OE makes the transition 
from high to low again. 

Note that in either ca^ d ata will only be accepted and 
output when OE and CS or DACK are active ("low"). Out- 
put enable should not be changed during the intervals 
shown in figure 3. The timing for output enable change 
versus clock transition is 60 ns before and 500 ns after 
the rising or falling edge of CLK any attempt to change 
OE during these periods will be inhibited. 
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Timing Waveforms 

Figure 1. (MODE;0) 
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//PD7004 

10-BIT CMOS 

SUCCESSIVE APPROXIMATION 

A/D CONVERTER 



Description 

The /iPD7004 is a 10-bit monolithic CMOS analog-to- 
digital converter using the Successive Approximation 
Register (SAR) technique. The //PD7004 incorporates an 
8-channel multiplexed analog input and full microproc- 
essor interface to achieve a high degree of versatility. The 
designer has a choice of either serial or parallel output 
and interface to 8080 type microprocessors or advanced 
signal processors like the//PD7720. 

Features 

D 8-channel multiplexed analog input 

D Serial or parallel interface 

D 10-bit resolution 

D Linearity: 1 LSB max. (Ta = 25°C) 

D Conversion time: ^00 /js (fcik = 1 MHz) 

D Input voltage range to V+ 

n Temperature range from -40 to +85°C 

n Operates from single -1-5 volt supply 

Ordering Information 



Pin Configuration 



Part 
Number 


Package 


Operating 

Temperature 

Range 


//PD7004C 


Plastic DIP 


-40°Cto-h85°C 


Absolute Maximum Ratings 

Ta = 25°C 


Supply Voltage, Vdd 




-0.3 to -K7.0 V 


Input Voltage, Vj 




-0.3 to V+ +0.3 V 


Reference Voltage, Vref 




-0.3 to V+ +0.3 V 


Operating Temperature, Tqpi 




-40 to +85 °C 


Storage Temperature, Tqpt 




-65to+125°C 



Comment: Stress above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 











Analog Input CH4 E 


1 ^ 


■^ 28 


H Analog Input CH3 


Analog Input CH5 E 


2 


27 


H Analog Input CHj 


Analog Input CHg E 


3 


26 


H Analog Input CH^ 


Analog Input CH7 E 


4 


25 


3 Analog Input CHq 


Reference Input V ref E 


5 


24 


Hgnd 


gndE 


6 23 


Dv+ 


DB7/SO E 


7 § 22 


D CS Chip Select 


DBs/SI E 


8 Q 21 DRD/SCiO 


DB5/SHIFT E 


9 


=^ 20 H AO 1 


DB4/SCKO E 


10 


19 


HWR/STB 


DB3/S0EN E 


11 


18 3 MC Mode Select 


DBj/CODE E 


12 


17 U CLOCK INPUT 


DB1/DEVI E 


13 


16 


H EOC End of Conversion Output 


DBo/DEVO E 


14 


15 


^V4 
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Conversion Characteristics 

Ta = 25 °C, V+ = Vref = 4.5 to 5.5 V, 
fcik = 1 MHz 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min. Typ. 


Max. 


Conditions 


Resolution 




10 10 


10 


Bit 


-40 to +85 °C 


Nonlinearity 


NL 




±1.0 


LSB 




Zero Scale 
Error 






±0.5 


LSB 




Zero Scale 

Temperature 

Coefficient 




2 




ppm/°C 


-40 to +85 °C 


Full Scale 
Error 




-0.5 


0.5 


LSB 




Full Scale 

Temperature 

Coefficient 




2 




ppm/°C 


-40 to +85 °C 


Nonlinearity 


NL 




±2 


LSB 


-40 to +85 °C 
(T = TopT) 
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Pin Identification 








Parallel Mode 




Serial Mode 


Pin 


Symbol 


Direction 


Function 


Direction 


Function 


1 


CH4 




Analog input CH4 






2 


CH5 




Analog Input CHS 






3 


CH6 




Analog input CH6 






4 


CH7 




Analog input CH7 






5 


V+REF 




Positive reference input 






6 


GND 




Ground 






7 


0B7/S0 





Data bus (MSB) 





Serial output 


8 


DB6/SI 





Data bus (2nd) 


1 


Serial input 


9 


DB5/SHIFT 





Data bus (3rd) 


1 


LSB/MSB 1st select 


10 


DB4/SCK0 





Data bus (4th) 


I/O 


Serial clock output 


11 


0B3/S0EN 





Data bus (5th) 


I/O 


Serial output enable 


12 


DB2/C0DE 


I/O 


Data bus (6th) 


1 


Code select 


13 


DB1/DEV1 


I/O 


Data bus (7th 


1 


Frequency divide ratio set 


14 


DBO/DEVO 


I/O 


Data bus (LSB) 


1 


Frequency divide ratio set 


15 


V+ 




Power supply 






16 


EOC 





End of conversion (active low) 






17 


CLOCK 




Clock input 






18 


MC 




MODE select (H = Parallel, L = Serial) 






19 


WR/STB 




Write input 


1 


Strobe input 


20 


AO 




Address input 


1 


Internal/external shift clock 


21 


RD/SCKi 




Read input 


1 


Serial clock input 


22 


CS 




Chip select 






23 


V+ 




Power supply 






24 


GNO 




Ground 






25 


CHO 




Analog input CHO 






26 


CHI 




Analog input CHI 






27 


CH2 




Analog input CH2 






28 


CHS 




Analog input CH3 
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Block Diagram 




DB7/S0 
DB6/SI 
A i DBS/SHIFT 

/' '\ DB4/SCK0 

\i 1/ DB3/S0EN 

^ *^ DB2/CODE 

DB1/DEV1 
DBO/DEVO 



GND O — 



AC Characteristics 

TA = -40°Cto+85°C, V+ 


= Vref = 


= 5 V + 0.5 V,fcKI = 1 MHz 






Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Delay Time 


tRD 






250 


ns 


RD i - DB (parallel mode) 




tDKO 






250 


ns 


SCKI i, SCKO i - SO (serial mode) 


Output Floating Delay Time 


tDF 






150 


ns 


RD t - 08 floating (parallel mode) 




IFCSO 






150 


ns 


est -SO floating (serial model) 


Serial Clock Output Delay Time 


tSKS 


40 




200 


ns 


SCKO t - SOEN i (serial mode 2) 


Serial Output Enable Delay Time 


tHKS 







200 


ns 


SCKO 1 - SOEN t (serial mode 2) 


Serial Clock Output Cycle 


tCYK 




1/fclk 




ns 


(Serial mode 2) 


High Level Serial Clock 
Pulse Width 


tWHK 


400 






ns 


(Serial mode 2) 


Low Level Serial Clock 
Pulse Width 


<WLK 


400 






ns 


(Serial mode 2) 


Serial Clock Rise Time 


tRSC 




20 




ns 


(Serial mode 2) 


Serial Clock Fall Time 


tFSC 




20 




ns 


(Serial mode 2) 
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DC Characteristics 

Ta = -40 °C to +85 °C, Vref = 5 V ± 0.5 V, 


fcik = 1 MHz 












Sy.-nbcl 




Limits 




Unit 






Test 


rarametsr 


M:n. 


Typ. 


Max. 


Onnriitions 


High Level Output Voltage 


VOH 


3.5 






V 


io = 


-1.6 mA 






Vol 






0.4 


V 


io = 


1.6 mA 




Digital Input Leakage Current 


IlLK 


-10 




10 


//A 


V|N = 


= gnd 




High-Z Output Leakage Current 


>OLK 


-10 




10 


//A 


Vo = 


gnd 




Analog Input Resistance 


R|N 




1000 




MQ 


V|N = 


= gnd 




Equivalent Analog Input Resistance . 


R|N 




10 

"m" 




kO 
"pV 


Analog input impedance is equivalent to that of the series circuit 
of R| and C| 


Reference input Resistance 


Rref 


5 




50 


kO 








Power Dissipation 


pd 




5 


15 


mW 








Recommended Operal 

TA = -20°Cto+80°C 


ing Conditions 














Symbol 




Limits 




Unit 






Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Supply Voltage 


V+ 


4.5 


5.0 


5.5 


V 








Reference Voltage 


Vref 


4.0 




vdd 


V 








Analog Input Voltage 


V|N 


0.0 




Vref 


V 








High Level Input Voltage 


V|H 


2.4 






V 








Low Level Input Voltage 


V|L 






0.8 


V 








Clock Frequency 


fclk 


0.4 




8.8 


MHz 








Internal Clock Frequency 


^clki 


0.4 


1.0 


1.1 


MHz 






*clki = *clk X Oiv'de Ratio 


Parallel Mode (MC = High) 


Address Setup Time 


tAW 


50 






ns 






CSi,A0-WRi 




tAR 


50 






ns 






CSi.AO-RDi 


Address Hold Time 


tWA 


50 






ns 






WR t - CS t AO 




tRA 


50 






ns 






Pt-CSt.AO 


WR Pulse Width 


tww 


400 






ns 








RD Pulse Width 


tRR 


400 






ns 








Data Setup Time 


tow 


300 






ns 






DB-WR t 


Data Hold Time 


two 


100 






ns 






WR t-DB 


Serial Mode 1 (MC = Low, AO = 


Low; External Serial Clock) 












EOC Hold Time 


tHECS 









yws 






EOCi-CSi 


CS Setup Time 


tSCSK 


1 






//s 






CS i - SCKI i 


Serial Input Setup Time 


tSIK 


150 






ns 






SI - SCKI t 


Serial Input Hold Time 


tHKI 


100 






ns 






SCKI 1 - SI 


Low Level Serial Clock 
Pulse Width 


tWLK 


400 






ns 








High Level Serial Clock 
Pulse Width 


tWHK 


400 






ns 








Strobe Pulse Width 


tWLST 


200 






ns 








Strobe Hold Time 


tHKST 


200 






ns 






SCKt-STBt 


Chip Select Hold Time 


tHKCS 


100 






ns 






SCKt-CSt 
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Addressing the Inputs 

One of eight analog inputs can be selected with the 
//PD7004 in the "write" mode and AO at pin 20 set "low." 
The "write" mode is selected by setting the Chip Select 
(CS) at pin 22, and Write (WR) at pin 19, "low" or 0. The 
multiplex channel select is accomplished by presenting 
a 3-bit binary code to DBO to DB2 at pins 14, 13, and 12 
where 000 = channel and 111 = channel 7. 

Referring to figure 1, the sequence is: 

n Chip Select (CS) and AO set "low." 

D Write (WR) set "low." (Read (RD) is left "high.") 

D Analog input channel selected by presenting a 3-bit 

binary code on pins 14, 13, 12 (DO to D2). 
D The address is latched and the desired input channel 

is now selected. 

Figure 1. Write Mode Timing Diagram 



(1) Write Mode 



tAW- 



% 



/ 



^ 



Initializing the Converter 

The /yPD7004 gives the designer a choice of the type of 
data output format, either a 2's complement or binary, and 
the speed of operation by providing a programmable fre- 
quency divider. These options may be selected by the 
controlling system at any time by the "initialize" mode. 

The "initialize mode" is set with CS and WR both "low." 
RD and AO are set "high." Code select is accomplished 
by presenting either a "high" for 2's complement or "low" 
for binary output at DB2 (pin 12). The divide ratio of 1/1 
to 1 /B is set by presenting a 2-bit code to DBO (pin 14) 
and DB1 (pin 13). 



Ratio 


DBO 


DB1 


1/1 


L. 


L 


1/2 


H 


L 


1/4 


L 


H 


1/8 


H 


H 



Data Output 

Data can be read in 2 bytes from the data output at pins 
TJhrough 14 (DB7 to DBO). To read the high byte, CS and 
RD are both "low." To read the low byte, AO is set Low 
and data bit 9 and 10 are present at DB7 and DB6 respec- 
tively. During the low data byte read DBO through DBS 
are "low." 

Referring to figure 2, the sequence is: 

D Chip Select (CS) "low" and AO (pin 20) "high" 

D Read (RD) set "low" and Write (WR) set "high" 

D Output high byte (MSB to 8th bit) 

n AO set "low" 

D Output low byte (9th bit and LSB) 

Figure 2. Data Output Timing Diagram 



(2) Read Mode 




cs;ao ) 

tAR- 
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The Conversion Sequence 

The//PD7004C uses the Successive Approximation Reg- 
ister (SAR) technique to convert analog voltage levels to 
10-bit digital code in either 2's complement or binary for- 
mat. Regardless of the type of data output (either serial 
or parallel), the conversion process is the same. 

Once the clock frequency and the output data format 
have been set, and the analog input selected, the con- 
version process begins with the analog level compared 
to the existing level from an internal 10-bit digital to ana- 
log converter. The D/A output level is proportional to the 
existing code output from the Successive Approximation 
Register which is proportional to the input level from the 
comparator. 
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Data Bus I/O Operatioti 


} (Parallel Mode MC = 


H) 












Pin Symbol 












Function 








22 CS 


H 


L 


L 




L 




L 


L 


L 


19 WR 


X 


H 


L 




L 




H 


H 


L 


21 RD 


X 


H 


H 




H 




L 


L 


L 


20 AO 


X 


X 


H 




L 




H 


L 


X 


— Operation 




No Operation 


Initialize 


IViPX address 
setting 


High byte read 


Low byte read 


Inhibit 



DB7 



DB2 = CODE 



082,1,0 = Analog 0B7 - DBO 



select 

H = 2's comp CH select 

L = binary 0,0,0-1,1,1 

DB1,DB0 = divide = CHO ~ CH7 

ratio 
0,0-1, 1 



MSB' 



0B7, DB6 

8th =9th, LSB 
085-080 
= LOW level 



14 


DBO 


— — 


= 1/1-1/8 




Serial I/O Operation 


(Serial Model, 2, MC=L) 






Symbol 




Serial Mode 1 
(External SCK, AO = L) 


Serial Mode 2 
(Signal Processor Mode, AO = H) 


Pin 


Direction 


Function 


Direction Function 


7 


SO 





Serial output (three state). Data are output 
at the falling edge of SCKI or SCKO. 




8 


SI 


1 


Serial Input. Data read at the rising edge of 
SCKI or SCKO. 


1 TietoV+ 


9 


SC 


1 


Shift select (H/L - LSB/MSB first) 




10 


SCKO 


— 


Tie to GNO 


Serial clock output (= internal cloci() 


11 


SOEN 


— 


Tie to GNO 


Serial output enable (active low) 


12 


COOE 


1 


Code select (H = 2's complement, L = binary) 




13 
14 


0IV1 

bivd 


1 

i 


Frequency 
"Divide ratio setting 


DIV1, = 0, 1,1 

= 1/1 1/ 
8 


19 


STB 


1 


Address strobe input MPX addresses are 
latched at the rising edge of STB input. 


1 Tie to GNO 


21 


SCKI 


1 


SCKI controls the shift operation of I/O 
interface shift register. Data are output at the 
falling edge, and input at the rising edge. 


— Tie to V+ 


22 


CS 


1 


Chip select signal input. Low level of CS 
resets the internal sequence, and I/O 
interface is enabled. 


1 Internal sequence reset signal input. 

Se^ence controller are reset at the low level 
of CS, and A/D_conversion starts at the 
rising edge of CS. 



Notes: 1. In serial mode 1. I/O pins listed below are strobed by CS s i gnal. T herefore, when CS = HIGH, input signals are ignored and output 
pins are left at high impedance state. Input terminal; SI, STB, SCKI Output terminal; SO 
2. In serial mode 2 (signal processor interface mode). By initialization, analog input MPX of CH7 is automatically selected. 
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Parallel Operation 



Successive 
Approximation Register 



AoQ- 






V D/A 
/section 



10-Bit 
Presetable Register 



o-^i> 



?=Oi 



o- 



.<V ^rV 



"V" "N> 



iMuitipiexer 



Status 

LE Address 

Latch 



:Sz: 



WR 
RD 



Three 
State Buffer 



J 

DBo~DB7 



Serial Operation 



Successive 
Approximation Register 



SiO- 



CSO 
SCKlO— ^ 
STBO 



?o- 



U 



ft. 



10-Bit Bidirectionai 
Shift Register 



->- 



Status 
LE Address 
Latch 



Three State Buffer 



6 DIVO 
O DIV1 
CODE 
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Timing Waveforms 

Serial Mode 1 



% r 



V 



j^ 



-♦. ♦ ►! tWHK « 

'•-tWLK-*'! ■•-tsiK-^ -*-tHKI-^ 



^ 



X 



«« tHKST- 



X^ 



< 



xzupx 



tpcso 

>-- 



Serial Mode 2 



"Y 



tSKS — *\ r l-^twHK-* 

SCK5 V_/ \ / \ /" 

tWLK-|-« ► 

cx^zzxz: 



■ H toKO 



X 



:s I-* 



"V^^ 



X3— 
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Timing Waveforms (Cont.) 

Parallel Mode Timing Chart (MC = H) 



1. Sequence Example 

High Byte Read 

Status Write \ . „ . „ ^ 
\ \ Low Byte Read 

\ MPX Address Write \ \ IWIPX Address Write 


High Byte Read High Byte 

\ Low Byte Read \ Low Byte 

1 \\ \ \ 




2. status Write (Executive as Initialization) 


1 - • "1 


1 • • * " 




CS 




V 


/ 




WR 






"A 


-/ 






Ao 






J 


\ 








DB 







xyxx 


xxxx 






EOC 
3. Address Write 












CS 




^ 


/ 




WR 






~A 


J 






Ao 






A 


/ 






DB 







mx 


xxxx 






EOC 






/ 






4. Data Read 


Internal Sec 






)uence 


Clear 






CS 




V 


/ 






RD 






^ 


J 




Ao 




--vm 


xxxx 


H;High Byte 
L;Lnw BytP 














( 


■^ 


— / 
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Section 7 — Functional Bloclcs 

ywPC398 Monolithic Sample-and-Hold Circuit 7-1 

//PC494 Switching Regulator Control Circuit 7-3 

yc/PC751/752 Quad Addressable Read/Write Amplifier 7-13 

//PC754 Magnetic Servo Head Preamplifier 7-19 

yL/PC1042 Switching Regulator Control Circuit 7-21 

//PC1060 Precision 2.5 Volt Reference Regulator 7-27 

//PC1555 Precision Timer Circuit 7-29 

A/PC1571 Compander 7-35 

y[/PC1 663/1 664 Ultra-Wideband Differential Amplifier 7-41 

//PC3423 Overvoltage "Crowbar" Sensing Circuit 7-45 

//PD5555/5556 CMOS Timers 7-51 
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//PC398 

MONOLITHIC 

SAMPLE-AND-HOLD 

CIRCUIT 



Description 

The /iPC398 is a monolithic sample and hold circuit 
which combines J-FET and bipolar circuitry on the 
same substrate to provide a high input impedance 
input buffer and a high speed output buffer. Operating 
as a unity gain input buffer circuit, DC accuracy is 
typically 0.004% and acquisition time is as low as B/^s 
with a maximum gain error of 0.01 %. This device is 
ideal for data acquisition circuits requiring high speed 
and high input impedance. 

Features 

D Fast acquisition time 

D Gain accuracy: 0.004% 

D Input offset voltage: 2 mV 

D Direct interface to TTL/CMOS 

D LF398 direct replacement 



Pin Configuration 



V+ C 1 ^-^ 8 D Logic Input 

Offset C 2 7 I] Logic Reference 

Input C 3 /'PCSSSC 5 -j ^oid Capacitor 

V- C 4 en Output 



Absolute Maximum Ratings 

Ta = 25°C 



Ordering Information 




Part 

Number Package 


Temperature 
Range 


/yPC398C Plastic DIP 


-20°Cto+70°C 



Voltage Between V+ and V- 


36 V 


Input Voltage Range (Note 1) 


±15 V 


Logic to Logic Reference 
Differential Voltage 


-0.3 to +7.0 V 


Output Short Circuit Duration 


Indefinite 


Hold Capacitor Stiort Circuit Duration 


10s 


Power Dissipation 


350 mW 


Operating Temperature Range 


-20 to +70 °C 


Storage Temperature Range 


-55to+150°C 



Note: 1. Forsupply voltages less than ±15 V, the absolute maximum 

input voltage Is equal to the supply voltage. 
Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Equivalent Circuit 



Logic Input 8 c 
Logic Reference 
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Recommended Operating Conditions 

Ta = 25°C, V± = +15V 



Typical Connection 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Onnriitlnns 


Power 
Supply 
Voltage 


V± 


+5 


+15 


±16.5 


V 




Analog 

Input 

Voltage 


V|N 


-11.5 




+11.5 


V 




Sample 
Mode Logic 
input Voltage 


VSH 


2.7 




5.25 


V 


Vref = 


Hold Mode 
Logic Input 
Voltage 


VSH 


-15 




0.5 


V 


uref = o 


Logic Input 
Voltage Slew 
Rate 


SR 


0.2 






V///S 




Hold 
Capacitor 


Ch 


0.001 




0.1 


A'F 





Analog Input O 7 



Digital Input O 




Guarding Teclinique (Bottom View) 




Electrical Characteristics 

Ta==25°C, V+ = +15V, - 11.5 V< 


V,N< 


+ 11.5V 


Ch = 


:O.OlAfF, RL = ioi<n 




Symbol 




Limits 






Test 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Conditions 


Input Offset Voltage 


Vio 






7.0 


mV 




Input Bias Current 


lb 






50 


nA 




Input Impedance 


RlN 




10'° 









Gain Error 








0.01 


% 








80 






dO 


f = 1 kHz 


Output Impedance 


Zo 






4.0 







Hold Step Voltage 


Vhs 






2.5 


mV 


Vo = 


Leakage Current into Hold Capacitor 


'OLK 






200 


pA 


V± = +5Vto+18V 


Acquisition Time 


^aq 




4 




fJS 


AVfl = 10 V, 0.1% Error, Ch = 1000 pF 


tsq 




20 




yUS 


AVq = 10 V, 0.1% Error, Ch = 0.01 pF 


Hold Capacitor Charging Current 


■cH 




5 




mA 


V|N-Vo=:2V 


Logic Input Current 


l|N 






10 


A^A 




Logic Threshold 


Vth 


0.8 




2.4 


V 




Supply Voiiage Hejeuiiun Ratio 


SvRR 


80 






dB 




Supply Current 


Ice 






+6.5 


mA 


V± = +15Vto+18V 
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/yPC494 

SWITCHING REGULATOR 

CONTROL CIRCUIT 



Description 

The//PC494 is a switching regulator controller design- 
ed for use in switch mode power supplies (SMPS) 
using Pulse Width Modulator (PWM) technique. The 
on-board control circuitry includes a voltage reference, 
dual erroramplifiers, oscillator, pulse width modulator, 
pulse steering flip-flop, dual output drivers and dead 
time control circuit. The /iPC494 is available in the 
plastic DIP package and the G2 mini flat package. 

Features 

D Complete PWM power control circuit 

D Adjustable dead time (0 to 100%) 

D No double pulsing of same output during load 

transient condition 
D Dual error amplifiers have wide common mode input 

voltage capability (-0.3 V to V+ - 2 V) 
D Circuit architecture provides easy synchronization 
D Uncommitted outputs for 250 mA sink or source 
D Equivalent to TL494 



Pin Configuration 



h Input A |T 
- Input A [2 

■1! 



— |X^ Error Error 

Amp Amp 



Feed- f 
back 

Dead- 
Time 
Control ' 



EH 



Ct 
Rt [e 

GND [7 

ci [a 



16^ + input B 
15] - Input B 

T^jRef. 
JOut. 



h^ 



Reference 
Regulator 



A 



^ 



i Output 
Control 



1l| C2 
10] E2 

Zl ^^ 



Equivalent Circuit 



GND o- 



Dead-Tlme O— 
Control 



Non-lnv. Input Q— 



16 
Non-lnv. Input O— 



Feedback q— 



Reference 
Regulator 



Output Control 
Q13 



=l> 



Dead Time 
Comparator 




A I 2. 



^^O^dD-< 



10 
-0C2 



PWIM 
Comparator 
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Ordering Information 



Part 

Number Package 


Temperature 
Range 


/iPC494C Plastic DIP 


-20«Cto+85''C 


//PC494G2 Minlflat 


-20°Cto+85°C 


Absolute Maximum Ratings 

Ta = 25°C 


Supply Voltage 


41V 


Error Amplifier Input Voltage 


V+-0.3V 


Output Voltage 


41V 


Output Current 


250 mA 


Total Power Dissipation. C Pacicage 


1000 mW 


Total Power Dissipation. G Package (Note 1) 


780 mW 


Operating Temperature Range 


-20to+85oC 


Storage Temperature Range 


-65 to +1 25 "C 



Note: 1. Mounted on 5x5 cm Glass-Epoxy PC board 

(thickness 1.6 mm) 
Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Electrical Characteristics 

V+ = 15 V, f = 10 kHz, -20 < ToPT ^ +85 °C, unless otiierwise noted 



Recommended Operating Conditions 




Symbol 




Limits 


Test 


Parameter 


Min. 


Typ. 


IVIax. 


Unit Conditions 


Supply 
Voltage 


V+ 


7 


12 


40 


V 


Output 
Voltage 


Vo 


-0.3 




40 


V 


Output 
Current 


lo 






-0.3 
200 


mA 


Error 
Amplifier 
Sinl( Current 


Iq 






-0.3 


mA 


Timing 
Capacitor 


Ct 


0.47 




10,000 


nF 


Timing 
Resistance 


Rt 


1.8 




500 


1(0 


Oscillation 
Frequency 


fosc 


1 


40 


500 


kHz 


Operating 
Temperature 


TOPT 


-20 




+85 


°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 




Reference Section 


Output Voltage 


vref 


4.75 


5 


5.25 


V 


lREF=lniA,TA = 25°C 


Line Regulation 


REGiN 




2 


25 


mV 


7 V < V+ < 40 V. Iref = 1 mA. Ta = 25°C 


Load Regulation 


REGl 




1 


15 


mV 


1mA<lREF<10mA,TA = 25°C 


Temperature Coefficient 






0.01 


0.03 


%/°C 


-20°C < Ta < +85°C. Iref = 1 mA 


Short Circuit Output Current 


ISHORT 




35 




mA 


Vref^O 


Oscillator Section 


Frequency 


'OSC 




10 




kHz 


Ct = 0.01yuF.Rt = 12kO 


Standard Deviation of Frequency 






10 




% 


7 V < V+ < 40 V, Ct, Rt const., Ta = 25 °C 


Frequency Change with Temperature 


Af/AT 






2 


% 


0°C < Ta < +85<'C, Ct = 0.01 A/F, Rt = 12 kQ 


Frequency Change with Voltage 


Af/AV 






1 


% 


7 V < V+ < 40 V. Ct = 0.01 //F. Ta = 25 "^C. Rj = 12 kQ 


Dead-Time Control Section 


Input Bias Current 


lb 




-2 


-10 


/^A 


0<V|N< 5.25 V 


Maximum Duty Cycle (Each Output) 




45 






% 


V| = 


Input Threshold Voltage 


Vth 





3 


3.3 


V 


Zero duty cycle, maximum duty cycle 
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Electrical Characteristics (Cent.) 

Vcc = 12 V, Ta = 25°C, unless otherwise noted 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 




Input Offset Voltage 


Vio 




2 


10 


mV 


V0AMP = 2.5V 


Input Offset Current 


■io 




25 


250 


nA 


V0AMP = 2.5V 


Input Bias Current 


lb 




0.2 


1 


/vA 


V0AMP = 2.5V 


Common Mode Input Voltage, Low 


Vicm 


-0.3 






V 


7V<V+<40V 


Common Mode Input Voltage, High 


Vicm 


VcC-2 






V 


7V<V+<40V 


Open Loop Voltage Amplification 


AVOL 


60 


74 




dB 


V0AMP = 3V 


Unity Gain Bandwidth 


GBW 




500 


650 


l(Hz 




Common Mode Rejection Ratio 


CMRR 


65 


80 




dB 


V+-40V,Ta = 25°C 


Output Sink Current 


■o SINK 


0.3 


0.6 




mA 


V0AMP = 0.7V 


Output Source Current 


Io SOURCE 


-2 






mA 


V0AMP = 3.5V 


PWM Section 


Input Threshold Voltage 






4 


4.5 


V 


Zero Duty Cycle 


Input Sini( Current 


loSINK 


0.3 


0.6 




mA 


V(P|M3| = 0.7V 


Output Section 


Collector Cutoff Current 


ICBO 




2 


100 


/^A 


VcE = 40V.V+ = 40V 


Emitter Cutoff Current 


ICEO 






-100 


/iA 


V+ = Vco-40V 


Collector Saturation Voltage 


VCE(SAT) 




1.1 


1.3 


V 


IC = 200 mA, Ve = 0, common emitter 


VCE(ON) 




1.5 


2.5 


V 


lE - 200 mA.Vc = 15 V, emitter follower 


Output Voltage Rise Time, 
Common Emitter 


tr 




100 


200 


ns 


V+ = 15V.Rl-150Q,Ta = 25°C 


Output Voltage Rise Time, 
Emitter Follower 


tr 




100 


200 


ns 


V+ = 15V.Rl = 150Q.Ta = 25°C 


Output Voltage Fail Time, 
Common Emitter 


tf 




70 


200 


ns 


V+ = 15V.Rl = 150Q.Ta-25°C 


Output Voltage Fall Time. 
Emitter Follower 


tf 




70 


200 


ns 


V+-15V.Rl = 150Q,Ta = 25°C 


Total Device 


Standby Current 


ICCSB 




8 


12.5 


mA 


V+ = 15 V. all other Inputs and outputs open 


Bias Current 


lb 




10 




mA 


V{Pm4) = 2 V, see figure 1 




Note: Standard deviation is a measure of tlie statistical distribution about the mean as derived from the formula: 



v ^ — 

V N-1 
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Test Circuit 

Test Circuit 



Test Circuit 
Test Input 



r-v>C» 



r^:- 



^ 



£ 



v+ 

Dead Time 



(-) I 
(+) CL 
(-) / Se 
Output 
Control 



X 



150 Q 
2 W 



150 O 
2W 



Rl <Rl 

l-OO 



■;?. 



-^ 



Typical Voitage Waveforms 



Voltage 
atCi 



"LTinrmnni: 



"or irYirnjirLTTT 



Voltage 
atCr 



Ammmm^m 



Threshold 
Dead Time Voltage 
Control 
Input 




Function Table 




Output Control 
Input (13 pin) 


Output Function 


At Ref-Out 


Normal push-pull operation 


Grounded 


Single-ended or parallel output 
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Operating Characteristics 

Ta=25±2°C, V|N -15 V 



Maximum Power Dissipation 



IVIis-Operation Prevention Circuit Characteristics 



_ 10 

5 



IS 0.8 
a 

5 

5 0.6 

o 

Q. 

I 0.4 

.§ 

^ 0.2 









Thermal Resistance 
RejA-125°C/W 
















^^ 












X^ 































S 













Circuit 


5V 














8 1 OVcE 








































1 


















>— ^ 











Ambient Temperature ( °C) 



Supply Voltage (V) 



Reference Voltage vs. Supply Voltage 



Reference Voltage vs. Temperature 



5 

> 4 
cn 

o 

> 3 

0) 

0) 

0) ^ 
DC 




Supply Voltage (V) 



Ambient Temperature (°C) 



Frequency vs. Rt and Cj 



Frequency vs. Temperature 



i 50 

§ 20 

cr 

"- 10 























'V^'V 










V+ = 15V 






\^ 


X 


















\ 


j?^^ 


'^.D. 










\ 






^ 


^ 










\ 


N 


^Sn. 




N 


'V, 


^v_ 








V 


t<^ 






"^ 


^ 

s>^ 










r^ 


> 


s^ 




^ 












\ 


r\ 


X 







50 100 200 









V+==15V 
Rt = 12 kn 
Ct = 0.01 fjF 








.... ^ 













































Timing Resistance (kO) 



Ambient Temperature (°C) 
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Operating Characteristics (cent.) 

Ta = 25 + 2°C. V|N = 15 V 



Duty Cycle vs. Dead Time Control Input Voltage 



























% 


■f 


y- 










>^ 


^ 












y 


r 












y 


r^ 






V+ = 15V 














Ct = 


0.01 )UF 





Open-Loop Voltage Gain vs. Frequency 




































V 














> 


\, 














N 


K, 










, 
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Dead Time Control Input Voltage (V) 



1k 10k 

Frequency (Hz) 



Collector Saturation Voltage vs. Output Current 



Standby and Bias Current vs. Supply Voltage 



E a 
It 



.2 5 
|1 

I 1 


































_VCE(C 


)N) 








— 


— 


— 




'" " 


























































VCE_ 


sat) 










^ 


-— 


'-' 





































80 120 

Output Current (mA) 



1 ^ 8 



■O a, 









1 

lb (Note 1) 










r 




l+SB 


Note 2) ^ 










r 








































Notel. VDT = 2V(4pm) 
Note 2. V+ terminal 

















Supply Voltage (V) 
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Typical Application Circuit (IC) 

Circuit 



[ Output Terminal 
[ of S.M.P.S. 



"1 



u 





T ^ "125 Rii 

„ ^ 110O< 110O 



n [?1 H H m n r 



Reference I 



A 



Reference 
Regulator 






fV 



R2< R4 

5.1 k > 5.1 k 



/t7 m 




\~ZZZL 




\A\A\A\2\B\^\x 



R9 >Rio 
iioninon 



"1 



Vcc 

— o 



C5: recommend film capacitor 
fosc ^ 40 kHz 



^R? 

► 7.5 k 




Connection Diagram 



Output 
Function 


Output Control 
Input (13 pin) 


Output Mode 


Output Voltage Waveform 




Push-Pull 


At Ref-Out 
(JPl Wired) 


Open Collector (Rg, Rio OQ) 


ci u u u 

C2 1 II II 


_ 
_0 


Operation 


Emitter Follower (R11, R] 2 OQ) 


E1 n n n 







E2 n n n 


_0 


Single-Ended or 
Partial Output 


Grounded 
|JP2 Wired) 


Open Collector (Rg.RioOQj 


-- Lmuinru^ 


_0 


Emitter Follower (Rn.Ri 2 00) 


- E2 nJLflJLJl^L- 


_0 
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Typical Application Circuits 

Forward Type 





|(12) 










Ci 

Ei 

Output 
Control 

Re« GND 
Out 


<8, 






(9) 




1 


(13) 




7 




(14) 


j 


I 






- 






/7 


i 




To EA.II To EA.I 

(Over Current (Vq Sense) 
Protection) 



Push-Pull Type (Isolated) 



JT 



-M- 





-N- 



1 



To EA.II To EA.I 



C2 

E2 

El 
Ci 
GND 



(13) 
014)1 

rt 1 
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Typical Application Circuits (Cent.) 

Push-Pull Type (Non Isolated) 



V+ (40 V max) 





1(12) 
















E2 
Ei 
Ci 
Ref Out 

GND 


(11) 
(10) 


... V^ 












(13) 
[(14) 


(9) 
(8) 




v.v ^ 


-n 




•p 


GND 

± 








^-^^^^^— 1^ 




T 









1 







-w- 



-M- 



/ 



To EA.II To EA.I 



Stepdown Chopper 



V+ (40 V max.) 







(12) 




^ 




E2 

Ei 
Ci 

Output 
Control 
GNO 


(11) 1 




(10) 
(9) 


T 
1 
1 


(13) 


_(8)_ 


1 
— 1 










(7) 








/7 


h n 


7 



--VA — -p 



To EA.II To EA.I 
(Over Current Protection) 
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Synchronized Operation 

If synchronized operation is needed, master-slave 
circuit can be used. This circuit is shown below. 
Initially, Rt terminal of slave IC is connected to Pin 14 
(Ref Out) and internal oscillator is stopped. 

Synchronized Operation 



(14) 
(6) 



Rt 
Ct 



(14) 
"(6)1 

(5) 



(M): Master 
(S): Slave 



I 
I 
^ next Ct terminal 



Mis-operation Prevention Meti^od 

If the supply voltage drops below 2-2.5 V, the mis- 
operation prevention circuit is disabled. However, the 
internal flip-flop is still active and each output will be 
high. Thus, if prevention from this condition is desired, 
the following circuit may be used. 

Mis-operation Prevention Method 



v+ 


2SA 


1152 

1 










\ 


1(12) 






V+ 




620 Q 










A 2.7 V 


GND 






(7) 




J 


/h 
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AfPC751/752 

QUAD ADDRESSABLE 

READ/WRITE AMPLIFIER 



Description 

The//PC751 and the/iPC752 are monolithic integrated 
circuits designed for reading and writing data in liigin 
performance magnetic disk storage systems, and are 
designed to mount on the head stack arm of hard disk 
units. Each IC contains four read preamplifiers, four 
write drivers, an output line driver, head select decoder 
circuitry, and fault monitoring circuits. These devices 
offer three modes of operation: Read, Write and Idle. 
The ^(PC752 is similar to the //PC751 in function, but 
provides a lower differential gain in the read mode for 
higher Inductance and higher output heads. 

All signal levels and current specifications are fully IBM 
3350 head and support arm compatible. 

Ordering information 



Part 
Number 


Package 


Operating 

Temperature 

Range 


/iPC751B 


Ceramic Flat 


0°Cto+7G°C 


//PC752B 


Ceramic Flat 


0°Cto+70°C 


Absolute lyiaximum Ratings 


Positive Supply Voltage 




-0.6 to 7.0 V 


Negative Supply Voltage 




-5.5 to 0.6 V 


Input Voltage 




V--0.3toV++0.3 


Storage Temperature Range 




-65to+150°C 


Operating Moving-Air 
Temperature Range 




to +70°C 


Operating Junction Temperature Range 


+150°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections ot 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Recommended 


perating 


Limits 








Limits 


UBiat 




Parameter 


Miet. 


Mm. 


Mode 


V+ 


5.7 


6.3 


V 


Read/Write/ldle 


V- 


-4.2 


-3.8 


V 


Read/Write/ldle 


Unsafe Voltage 


4 


V+ 
+ 0.3 


V 


Read/Write/ldle 


Head Center 
Tap Voltage 


3.2 


3.8 


V 


Write 


Write Current 

dwc) 




45 


mA 


Write 



Pin Configuration 





V- 1 


1 


I laNU 


1 






HS1 (Head Select 1) | I 1 


1 . 1 WS /Writp Splort\ 




II 1 


ll 




v+ r 

US (Unsafe) 1 

WC fWrite Current 1 

NCI 

Nc 1 : ::: 

Nc r - 

DX (Data X) 1 
DY (Data Y) | 


32 1 24 23 22 

4 21 

5 20 
^PC751B/ 

6 ;uPC752B 19 

7 18 

8 17 

9 16 

10 11 12 13 14 15 


1 H21 (Head 2-1) 

1 H22 (Head 2-2) 

1 H01 (Head 0-1) 
""in H02 (Head 0-2) 

1 H32 (Head 3-2) 




II 1 




1 




HSi> (Heari Kelert 9) [ '1 


1 , I CP (Chip Fnahl") 






V- [ 


1 GND 
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Electrical Characteristics 

Test Conditions (unless otherwise specifiecd) 



Parameter 


Range 


Unit 


IVlode 


V+ 




6.00 ± 0.01 


V 


Read/Write/ldle 


V- 




-4.00 + 0.01 


V 


Read/Write/ldle 


vws 




0.00 ± 0.01 


V 


Read 


vws 




3.50 ± 0.01 


V 


Write 


VCE 




««-s::j 


V 


Read/Write 


Lh 




Max. 0.1 


//H 


Read/Write/ldle 


Rh 




Max. 0.01 


Q 


Read/Write/ldle 


VCT 




0.00 ± 0.01 


V 


Read 


VCT 




3.50 ± 0.01 


V 


Write 


vus 




6.00 ± 0.01 


V 


Read/Write/ldle 


Ru 




200 ±1 





Read/Write/ldle 


RL2 




101 ± J 


V 


Read/Write/ldle 


iwc 







mA 


Read 


•wc 




40 ±1 


mA 


Write 


Ambient Temperature 


25 + 2 


°C 


Read/Write/ldle 


Head Selection Table 


Head Selected 


VHS1 




VHS2 







Vhhs 




Vhhs 




1 


vlhs 




Vhhs 




2 


Vhhs 




Vlhs 




3 


Vlhs 




Vlhs 
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Connection Diagram 



"^1 — 



i;iwc 



Iwc 
Gate 



f' 



Rli 
I \\V- 



— VA- 

RL2 



f 



r 



r 



Chip 
Enable 



^ 



L_. 



T 



MARS 
Unsafe 



< 



Read 
Pre-Amp 



> 



< 



Read 
Pre-Amp 



Write 
Driver 



^ 



K 



Read 
Pre-Amp 



X 



Read 
Pre-Amp 



1 

jus 

I -^' 

I 
I 



I 



J- 



3- 



J- 



~~ Write 
\ r Driver 

X: 



. J 
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Mode Select 

The circuit has three modes of operation: Read, Write 
and Idle. The state of the Chip Enable and Write Select 
determines the mode of operation as shown in the 
following table. 



Mode Select 





Limits 


Unit 


Test 


Parameter 


Min. 


Max. 


Conditions 


Chip Enable 


vhce 


5.5 


6.3 


V 


Idle 


vlce 


0.0 


0.7 


V 


Read/Write 


IHCE 


-110 


-50 


/iA 


Idle, VcE = V+ - 0.5 V 


'lce 


-1.3 


-0.7 


mA 


Read/Wrile, Vqe = 0.0 V 


Write Select 


Vhws 


3.2 


3.8 


V 


Write/Idle 


vlws 


-0.1 


0.1 


V 


Read/Idle 


Ihws 


0.35 


2.7 


mA 


Write/Idle (transition unsafe current off) 


0.7 


3.5 


mA 


Write (transition unsafe current on) 


>LWS 




0.1 


mA 


Read/Idle 


Switching Delay 




0.5 


fJS 


All modes 



Supply Current 





Limits 


Unit 


Test 


Parameter 


Min. Max. 


Conditions 


•CCRW 


12 20 


mA 


Read/Write 


'CCID 


150 


//A 


Idle 


'eerw 


70 


mA 


Read/Write 


■eeio 


40 


mA 


Idle 


Total Head Input Current 

Sum of all head input currents > 


^ith 1 


lwc = 




Limits 


Unit 


Test 


Parameter 


Min. Max. 


Conditions 


IHC(W) 


3.0 


mA 


Write, VcT = 3.5 V 


IHC(R) 


0.16 


mA 


Read, Vci = 0.0 V 


IHCHD) 


0.10 


mA 


Idle, VcT = 3.5 or 
0.0 V 



Head Select 

One of four heads may be selected by controlling the 
state of two head select inputs. The head is selected 
as specified below: 

Head Select 





Limits 


Unit 


Test 


Parameter 


Min. Max. 


Conditions 


vhhs 


-0.97 -0.61 


V 


Temp = 0°C~70°C 


vlhs 


-2.38 -1.52 


V 


Temp = 0°C~70°C 


Ihhs 


240 


//A 




«LHS 


60 


/vA 




Switching Delay 


50 


ns 
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Read Mode CuPC751 B) 

In the Read mode the circuit functions as a low noise 
differential amplifier. The state of the head select inputs 
determines whlrih amplifier i« antivp 



Read Mode (yuPC75 IB) 












Limits 




Unit 


Test 


Parameter 


Min. 


Max. 


Conditions 


Input Current 




20 


//A 


V,N = OV 


Differential Input Capacity 




18.8 


PF 


V,N = OV 




585 


915 





V|N = 0V,25°C 


Differential Input Resistance 


565 


915 


Q 


V,N = OV,0°C 


(Damping Resistor) 


585 


984 


O 


V,N = 0V.70°C 


Output Offset Voltage 




100 


mV 


V,N = OV 




-0.75 


-0.50 


V 


V,N-OV 




28 


43 


V/V 


V|N-1mVp-p,OVDC.f-300l(Hz,25°C; 


Differential Gain 


30 


45 


V/V 


V|N = 1 mVp-p. OVDC. f = 300 kHz, 0°C ; 




27 


40 


V/V 


V|N = 1mVp-p.0VDC.f-300kHz.70''C 


Gain Linearity (DC) 


0.9 


1.1 




Vo(V,N = 5mV)-Vo(V|N = OmV) /5.0mV 


Vo(V,N = 0.5mV)-Vo(V|N = OmV)/ 5.0 mV 


Bandwidth 


30 




MHz 


Z|N = 0Q.V|N = lmVp.p 
Gain® few ^..^^r 
Gain @ 300kHz 


Input Noise 




6.6 


/yVRMS 


V|N = V, Z|N = Q. 15 MHz power bandwidth 


Common Mode Input to 
Differential Output Rejection Ratio 


45 




dS 


V|N = 5mVp-p.0VDC.f<5MHz 


Power Supply Rejection Ratio 
(referred to the AVqc or 
AVee = 0.1 Vp-p input) 


45 




dB 


V|N = 0V.f<5MHz 


Channel Separation 


40 




dB 


V|N = 1 mVp-p. OVDC. f = 300 kHz, three channels driven 


Unsafe Current 




0.1 


mA 


Write Current = mA 




40 


45 


mA 


Write Current = 45 mA 



Read Mode (//PC752B) 

The same as /iPC751B except for the following char- 
acteristics. 



Read Mode (//PC752B) 







Limits 


Unit 


Test 


Parameter 


Min. 


Max. 


Conditions 


Output Offset Voltage 




50 


mV 


V,N = 0V 




8.5 


12.5 


V/V 


V|N = 1mVp-p,0VDC,f = 300kHz,25°C 


Differential Gain 


8.5 


13.25 


V/V 


V|N = 1mVp-p. OVDC, f- 300 kHz, 0°C 




7.5 


12.5 


V/V 


V|N = 1 mVp-p, OVDC. f = 300 kHz, 70 °C 


Gain Linearity (DC) 


0.9 


1.1 




Vq (V|n = 5 mV) - Vq (V|n = mV) / 5.0 mV 
Vo(V|N = 0.5mV)-Vo(V|N = OmV)/ 5.0 mV 


Input Noise 




25 


//VRMS 


V|N = V, Z|N = 0, 15 MHz power bandwidth 
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Write Mode 

In the Write mode the circuit functions as a current gate. 
Externally supplied Write current is gated by the state 
of the head select and data inputs to one side of 
one head. 



Write Mode 





Limits 


Unit 


Test 


Parameter 


Min. 


IVIax. 


Conditions 


Differential Input Voltage 


0.225 




V 




Single Ended Input Voltage 


-2.0 


-0.45 


V 




DX DY input Current 


-2.0 


+2.0 


mA 




Current Gain 


0.95 


1.0 




IWC = 45 mA 


Write Current Voltage 


-3.7 


-3.0 


V 


IWC ^ 45 mA 


Head Current Transition Time 




15 


ns 


IWC = 45 ms, Lh = 0, f = 5 MHz 


Head Current Switching Delay Time 




15 


ns 


IWC = 45 ms. Lh = 0, f = 5 MHz 


Head Current Switching Hysteresis 




2 


ns 


IWC = 45 ms. Lh = 0. f = 5 MHz; data rise 
and fall time < 1 ns 






0.1 


mA 


IWC = 30mA.f = 2MHz. Lh = 9)wH 


Unsafe Current 


20 




mA 


iWC = 30mA.f = 2MHz, LH = OywH 




20 




mA 


iwc = 45 mA. Rh = <^ one side of head only 






1.0 


yWS 


IWC = 30 mA, f = 2 MHz. Lh - 9 //H 


Unsafe Switching Delay Time 


1.0 


4.0 


y"S 


IWC = 30mA.f = 2MHz.LH = 0//H 




1.0 


4.0 


yUS 


iwc = 45 mA, Rh = °° 


Unselected Head Current 




1.5 


mAo-p 


IWC = 45mA.f = 2MHz. LH = 9.5AiH 


Differential Head Voltage 




9.0 


Vo-p 


iWC = 45mA, Lh = 10//H 
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//PC754 

MAGNETIC SERVO HEAD 

PREAMPLIFIER 



Description 

The //PC754 is a two stage wideband differential 
amplifier which features a very narrow gain range and 
30 MHz bandwidth. This device is designed to be used 
primarily as the preamplifier for the servo head of the 
model 3348 head/arm assembly. 

Features 

D Very narrow gain range 
D 30 MHz bandwidth 



Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


//PC754D Ceramic DIP 


D^cto+yo^c 


Absolute Maximum Ratings 


Power Supply Voltage 


-12 V 


Differential Input Voltage 


±1 V 


Operating Temperature Range 


to +70°C 


Storage Temperature Range 


-65to+150°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Pin Configuration 



-E 



V- 4 



"V^ 



-^^ 



3 

-3- 
-3 



Test (see note) 



+ Output 



Note: Pin 8 cannot be connected to any circuit. 



Connection Diagram 















1 


^Z 5 . . 


^ 


y 


> 


Output 


Head 2 


(>' 


~T 




1 t 130 n^ 5i3on 




n 


7/77 mm 




Note: A 0.1 //F ceramic capacitor is recommended for 
good power supply noise filtering. 
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Recommended Operating Conditions 





Symbol 


Limits 


Unit 


Test 


Parameter 


iVIin. Typ. IVIax. 


Conditions 


Supply 
Voltage 


V- 


-7.45-8.3 -9.15 


V 




Input 
Signal 


V|N 


2 


mVpp 




Ambient 
Temperature 


ta 


70 


°C 





Electrical Characteristics 

Ta = 25 °C, V- = -8.3 V ±10% 





Symbol 




Limits 




Unit 


Test 


Parameter 


IVIin. 


Typ. 


Max. 


Conditions 


Differential Gain 




77 


93 


110 




RL = 130 


Bandwidth 


BW 


10 


30 




MHz 


V|N-2mVpp 


Input Resistance 


R|N 


800 


1000 


1250 







Input Capacitance 


C|N 




3 




PF 




Output Dynamic Range (Differential) 




350 






mVpp 


RL=130 


Power Supply Current 


Ice 




26 


35 


mA 


V- = -9.15 V 


Output Offset 


Vos 






±600 


mV 


RS = 0.Rl=130Q 


Equivalent Input Noise 


fin 




8 


14 


fj\l 


RS = 0, Rl=130O, BW = 4MHz 


PSPR, Input Referred 


PSPR 


50 


65 




dB 


RS = 0, f < 5 MHz 


Gain Sensitivity (Supply) 






±1.3 




% 


Rl = 130Q 


Gain Sensitivity (Temperature) 






-0.2 




%/°C 


TA = 25°Cto70°C.RL=130 


CMRR, Input Referred 


CIVIRR 


55 


70 




dB 


f < 5 MHz 
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//PCI 042 

SWITCHING REGULATOR 

CONTROL CIRCUIT 



Description 

The //PC1042 is a switching regulator control circuit 
designed for use in Switch Mode Power Supplies 
(SMPS). The//PC1042 uses the Pulse Width Modulator 
Technique (PWM) and features on chip voltage refer- 
ence, dual error amplifiers, oscillator, pulse width modu- 
lator comparator, pulse steering flip flop, dual phase 
output drivers, and deadtime adjustment. The /yPC1042 
is ideal for forward and push-pull converters with 
minimum external circuitry. 



Pin Configuration 









+ Input A C 

-Input AC 

Compensation 2 C 

Compensation 3 C 

+ Input B C 

- Input B C 

Dead Time Adj. C 

GND1 C 


1 V^ 16 3 Compensation 1 

2 15 H V+ 

3 14 H GND2 

V.PC1042C"^^« 

5 12 H Ca 

6 11 D Vref 

7 10 13 Ct 

8 9 URt 
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Features 

D Internal oscillator has symmetrical triangular 

waveform 
n Adjustable dead time (0 to 100%) 
D Includes a misoperation-preventing circuit at low 

input voltage 
D No double pulsing of outputs 
D Error amplifier II can operate with V input 

voltage level 



Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


/yPC1042C Plastic DIP 


-20°Cto+85°C 



Equivalent Circuit 



Rt O- 

10 
Ct O- 



DAdj. O- 



Compen- 3^ 



+ Input A O- 

1 
- Input A O— 



Compen- 6— 
sation 1 



Ref. Voltage Low V. Stop 



IT 



il 



AAAA h sl~ 

Comp. 2 ^^ 



:x> 




^ 



^ 



^ 



i 




r 



12 
-O Ca 



-O GND2 



— O + Input B 

6 
— O - Input B 

_f Compen- 
"^ sation 3 
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Absolute Maximum Ratings 

Ta = 25°C 




Supply Voltage 


30 V 


uuipui Vuliage 


40 V 


Output Current (Each Output) 


100 mA 


Reference Output Current 


40 mA 


Total Power Dissipation 


800 mW 


Operating Temperature Range 


-20 to +85°C 


Storage Temperature Range 


-40to+125°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability 



Recommended Operating Conditions 




Symbol 




Limits 




Test 


Parameter 


Min. 


Typ. 


Nlax. 


Unit Conditions 


supply 
Voltage 


V+ 


8 


12 


16 


V 


Output 
Voltage 


Vo 




24 


32 


V 


Output 
Current 


■o 


5 


20 


40 


mA 


Reference 

Output 

Current 


«REF 





3 


5 


mA 


Oscillation 
Frequency 


fosc 


20 


40 


100 


m 



Electrical Characteristics 

V+ = 12 V, Ta = 25 °C unless otherwise noted 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Reference Section 


Output Voltage 


Vq 


4.6 


5.0 


5.4 


V 


io = o 


Line Regulation 


BEGIN 




13 


35 


mV 


BV<V+<20V.lREF = 


Load Regulation 


REGl 




-2.5 


-10 


mV 


< Iref ^ 20 mA 


Ripple Rejection 


RR 




60 




dB 


f=120Hz 


Vref Drift 


avref/at 




200 


750 


A/V/°C 


-20°C<ToPT<+85°C 


Low Voltage Stop Section 


Startup Voltage 


V+(LtoH) 




7.5 




V 


0<V+<12V 


Hysteresis Voltage 


Vhys 




0.5 




V 


0<V+<12V 


Oscillator Section 


Maximum Oscillation Frequency 


fmax 


100 






kHz 




Initial Accuracy 






±5 


±10 


% 


Rt, Ct constant 


Temperature Stability 






-6 


-10 


% 


-20°C<ToPT<+85°C 


Output Voltage (High) 


VOH 




4 




V 




Output Voltage (Low) 


Vol 




2 




V 




Line Frequency Stability 






±1 


±2 


1% 


8 V < V+ < 20 V 


Error Amplifier 1 Section 


Input Offset Voltage 


Vio 




±2 


±10 


mV 




Input Offset Voltage Drift 


AV|o/AT 




±4 


±10 


//V/°C 


-20°C<ToPT<+85°C 


Input Bias Current 


IB 




+1.3 


+10 


/^A 




Large Signal Voltage Gain 


AvOL 


72 


87 




dB 




Common Mode Input Voltage 


Vicm 


1.2 




4.0 


V 




Common Mode Rejection Ratio 


CMRR 




70 




dB 




Small Signal Bandwidth 


GBW 




2 




MHz 


Avi=0dB,Ci=560pF,C2 = 150pF 
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Electrical Characteristics (Cent.) 

V+ = 12 V, Ta = 25 °C unless otherwise noted 




Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Error Amplifier 2 Section 


Input Offset Voltage 


Vio 




±3 


±10 


mV 




Input Offset Voltage Drift 


AVjo/AT 




±3 


±10 


/yV/°C 


-20°C<TopT<+85°C 


Input Bias Current 


lb 




-1.5 


-10 


/iA 




Large Signal Voltage Gain 


AVOL 


72 


100 




dB 




Common Mode Input Voltage 


Vicm 







3 


V 




Common IVIode Rejection Ratio 


CMRR 




70 




dB 




Small Signal Bandwidth 


GBW 




1.2 




MHz 


Av2 = dB. C3 = 220 pF, C4 = 470 pF 


Maximum Output Current 








1.0 


mA 




Dead Time Adjustment Section 


Input Bias Current 


■b 




-4.5 




fjk 




Input Voltage (0% Duty) 


V|N 




1.35 




V 




Input Voltage (100% Duty) 


V|N 




3.3 




V 




Output Section 


Collector to Emitter Voltage 


VCE 


40 






V 


IC = 1 mA 


Collector to Emitter Cutoff Current 


ICEQ 






10 


//A 


VcE = 40 V 


Collector Saturation Voltage 


VCE(SAT) 




0.55 


0.7 


V 


IC = 20 mA 


Rise Time 


tr 




80 




ns 


IC = 20mA, V+ = 12V, RLh560Q 


Fall Time 


tf 




70 




ns 


Total Standby Current 


'CCSB 




12 


15 


mA 


V+ = 20V,Iref = 



Operating Characteristics 

Ta-25°C 



Maximum Power Dissipation 





































^S^125°C/ 


W 










^ 





















Oscillator Frequency vs 


. Rt and Ct 












V+ = 12V 












\ 






220 pF 
70 pF 








>^^ 














■ 








~ ' 


■ 


^"^ 


■">^^ 




1 




2200 pF- 


"^^ 









4700 pF^ ^y^"^ 
0.01 /jF 

1 




' ^ 







Ambient Temperature {°C) 



Timing Resistor (kQ) 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Error Amplifier I, Ayi vs. Frequency 



Error Arnpiifi^r !!; A.v2 vs. Frequency 



5 

^ 60 







Ci 
1 560 
_ll 1000 

III 4700 

IV 0.04" 


C2 
jF 150 pF 
pF 560 pF 






. 


v+ 


= 


12V 






pF 1500 pF 
fjf 4700 pF 


20— 


>^ 


s 


»; 


>«. 






\> 


16 

r 




\\ 


XN 


N. 




C: 






^Ny 


:^ 


\ 




^ 














\, 












^ 


^ 


\ 



Ik 10k 

Frequency (Hz) 



1 M 10 M 













so- 
so— 


V+ 


= 12V 


^ 


^ 








^ 


4 

Z ^2 


N 




^ 






4 




N 


^ 


^ 


1 


A? 

Cl C2 
220 pF 470 pF 
380 pF 1000 pF- 
1500 pF 4700 pF 
2200 pF 0.01 fjF 
L 1 






N 


^ 


^ 








X 




^ 


.. 



Ik 10 k 100 k 1M 10 M 

Frequency (Hz) 



Correct Saturation Voltage vs. Collector Current 



Output Section Rise Time and Fall Time vs. Collector Current 



1 3 5 10 

Collector Output Current (mA) 















V+ = 12V 






























s. 


















^. 




















\ 




















\ 


\ 
















tr 













































1 3 5 10 

Collector Output Current (mA) 



Total Standby Current vs. Supply Voltage 



Total Standby Current vs. Ambient Temperature 





I 












r 












/ 










/ 












/ 

/ 












/ 













E. 

c 
SI 11 



£ 9 

I 











V+ = 12V 


"^^ 



















































Total Standby Current (mA) 



Ambient Temperature (°C) 
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Typical Application 



fOSC 40 kHz 



+ V+ (8 to 16 V) 

O- 



>560 >560 



Ct 
1000 p 



C^S^16 I Vcc PS I GND2 |14 I Cs P3 I Ca M2 I Vref P^ I Ct |10 FrT" 



) 



Low 
VStop 



y 



^r 



u 



H3: 




-^ 



Error 
.Amp I 



Ci ~ C4 1 

Capacitors ^ 5 k 

for Phase ^ 
Compensation 



IL 



Error 
Amp II 



Comp. 



A 



RF2 

Rf2 coo k) 



<Rf2 
S(100k) 



<10k 
5VF 



CR2 
^(3.6 k) 



50 k ^ 100 



Rl 
(6.8 k) 



-r-(10/i) -r-Ce 



Loop Gain 
AV1(L) = RfI 

AV1(L) = RF2 
100 

Rf2; Rf2 

Feedback Resistor 
for Gain Control 
Normally: 
Avi(L) = ~40dB 

Av2(L) = ~ 60 dB 



-lo Sense 
(-20 to -50 mV) 



C5: Soft Start Capacitor 

Ri, R2: Resistor for Dead Time Control 
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Internal Waveforms (Timing Charts) 



Oscillator 
Waveform 

Triangular 

Oscillation 

Output 




Comparator II 
Output 



~i_r 



IS 



u 



1 r 
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//PCI 060 

PRECISION 2.5 VOLT 

REFERENCE REGULATOR 



Description 

The/uPC1060 is a precision low voltage reference regu- 
lator which uses the band gap voltage reference tech- 
nique. It features low temperature drift and low supply 
current drain. The juPC1060 is ideal for use in instru- 
mentation and D/A converter applications. 

Features 

D High accuracy: Vq = 2.5 V ± 1% 

D Low temperature drift: AVqMT < 40 ppm/°C 

D Low supply current: Ice — 1-5 mA 

D Equivalent to MC1403 



Pin Configuration 









Input E 
Output C 

gndC 

NCC 


1 ^ 8 

A/PC1060C 
4 5 


Dnc 

DNC 

::nc 

Dnc 






83-002507A 



Ordering Information 




Part 

Number Package 


Operating 

Temperature 

Range 


/C/PC1060C Plastic DIP 


-Z0°Cto+70°C 



Equivalent Circuit 



^Rb <R7 



-k:°' 



5^ 



<- 



<- 







Rl5 Rl6 Rl7 R18 Rl 
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Absolute Maximum Ratings 




Input Voltage 


40 V 


Power Dissipation 


350 mW 


Operating Temperature Range 


-20 to +70°C 


Storage Temperature Range 


-55to+125°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



Recommended Operating Conditions 



Parameter 



Input 

Voltage 

Range 



Symbol Min. 



Typ. 



Max. Unit 



V|N 



4.5 



40 



Output 
Current 


Iq 





10 


mA 


Power 
Dissipation 


Pd 




350 


mW 


Operating 
Temperature 


Topi 


-20 


+70 


C° 



Electrical Characteristics 

Ta = 25X, V|N = 15V. io = 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 


Output Voltage 


vo 


2.475 


2.50 


2.525 


V 




Temperature Drift 
Output Voltage 


AVq/AT 






40 


ppm/°C 


-20°C<Ta<+70«C 


Output Voltage Change 


Vo 






7.0 


mV 


-20°C<Ta<+70*C 


Line Regulation 


REGiN 






4.5 
3.0 


mV 


15V<V|N<40V 
4.5V<V|N<15V 


Load Regulation 


Regload 






10 


mV 


6<lo<10mA 


Input Current 


l|N 






1.5 


mA 




Ripple Rejection Ratio 


RR 




90 




dB 


5V<V|N<15V.lo = 
f=120Hz 


Output Noise Voltage 


en 




80 




^Vp.p 


4.5V<V|N<40V 
0<lo<10mA 


Output Sliort Circuit Current 


lOSHORT 




17 




mA 


Vo = 



Typical Circuit 















83-002508 B 




juPCioeo 






= 


= CIN 

0.1 /uF 




:co 

0.1 //F 

7 




GND 








/7 
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//PC1555 

PRECISION TIMER 

CIRCUIT 



Description 

The //PC1555 is a highly stable precision timer capable 
of producing oscillation in the astable mode and accu- 
rate time delays in the monostable mode. In the astable 
mode as an oscillator, the free running frequency and 
duty cycle are accurately controlled using two resistors 
and a capacitor. In the monostable or time delay mode, 
only one external resistor and capacitor is required. The 
totem pole output drivers can sink or source up to 
200 mA making these devices ideal for driving small 
speakers, transducers, and single ended AC/ DC 
converters. 

Features 

D Operates in both astable and monostable mode 
D Output can drive TTL loads 
D Adjustable duty cycle 
D NE555 direct replacement 



Pin Configuration 



Ea 



E 
E 



Tzr 



Comp- 
arator 



Output 
Stage 



^^ 



r^ 



Comp- 
arator 



3 
3 
3 



3 



Equivalent Circuit 





Control 
Voltage 



Ri 
10 k 






eS 



W-K 



■^ 



Re 
7.5 k 



>^ 



6.7 k 
-\/^ ^ 



< 



Rl2 
3.9 k 



-<- 



— IC< 



R8^ 

100 > 



1Z0 1/ 
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Absolute Mlaximum Ratings 

Ta==25°C 



Voltage Between V+ and 6ND 


18V 


rOwEr ulssipatiun, C Paakage 


600 mw 


Power Dissipation, G2 Paclcage 


440 mW 


Operating Temperature Range 


Oto+TO^C 


Storage Temperature Range 


-55to+125°C 



Ordering Information 




Part 
Number 


Package 


Operating 
Temperature 


A/PC1555C 


Plastic DIP 


0°Cto+70«C 


AyPC1555G2 


Plastic IVIiniflat 


0°Cto+70°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Electrical Characteristics 

Ta = 25°C, V^ = +5 V to +1 5 V 





Symbol 




Limits 




Unit 


Test 


Parameter 


(Win. 


Typ. 


Nlax. 


Conditions 


Supply Voltage 


V+ 


4.5 




16 


V 




Supply Current 


Ice 




3 


6 


mA 


V+ =^ 5 V. Rl = °o, Vo = V 




10 


15 


mA 


V+-15V,Rl = oo,Vo = OV 


Ttireshoid Voltage 


Vth 




2/3 V+ 




V 




Threshold Current 


ith 




0.1 


0.25 


//A 


Notel 


Trigger Voltage 


Vtrig 




5 




V 


V+ = 15V 




1.67 




V 


V+-5V 


Trigger Current 


Itrig 




0.5 




ywA 




Reset Voltage 


Vrst 


0.4 


0.7 


1.0 


V 




Reset Current 


Irst 




0.1 




mA 




Control Voltage Level 




9.0 


10 


11 


V 


V+ = 15V 


2.6 


3.33 


4 


V 


V+ = 5V 



Output Voltage Drop (Low) 



Vol 



0.1 
0.4 
2.0 
2.5 
O.i 0.35 



0.25 
0.75 
2.5 



V+ = 15V.lsiNK = 10mA 
V+'=*15*V*isiNK = 5b*mA" 
V+ = 15VJsiNK = ^00mA 
V+ = 15V.lsiNK = 2bbmA 
V+ = 5 V, isiNK = 5 mA 





VoH 




12.5 


V 


V+- 15 V.ls0URCE = 200 mA 


Output Voltage Drop (High) 


12.75 


13.3 


V 


V+ = 15 VJs0URCE = 100 mA 




2.75 


3.3 


V 


V+ = 5V.ls0URCE = 100niA 


Rise Time Output 


tR 




100 


ns 




Fall Time Output 


k 




100 


ns 





Timing Error, Astable: 
Initial Accuracy 

Drift with Temperature 

Drift with Supply 



1 

50 
0.01 



% 

ppm/°C 

%/V 



Ra. Rb = 1 ktolOOkO, C = 0.1;t/F 



Notes: 1. This will determine the maximum value of R^ + Rb for 15 V operation. The maximum total resistance is 20 MQ. 
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Operating Characteristics 

Ta = 25°C 

Minimum Pulse Width 
Required for Triggering 



3 

£ 0.8 



V4 


= 15 


V 














/ 






















i 


/) 






















/, 


/ 
















Tj 


= 125 


\/. 


/ 




















/ 


y 


Tj = 


25°C 


















^ 


f 

















Supply Current vs. 
Supply Voltage 





































-20°C, 


^ 


^ 










^ 










°c 
°c 




--S<=1 


^ 


5=^ 


^ 










^ 


j^-n 







































Lowest Voltage Level of Trigger Pulse (V) 



Supply Voltage (V) 



High Output Voltage Drop vs. 
Output Source Current 
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Low Output Voltage vs. 
Output Sink Current 
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3.0 5.0 10 30 50 100 

'sink (mA) 



Low Output Voltage vs. 
Output Sink Current 



10 


1 

V+ = 10 V 
























































. 20°'^ 






















\^ 
















2 


5°C^ 






5^== 


















^ 


r 


70°C 


































25°C 






f^ 


















\^ I 


^ 


^ 












70 


°C 


^,ri<^ 


^ 
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-^^ 
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^ 


^^^ 














:^^ 


>-- 
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'::^>^ 




















01 























Low Output Voltage vs. 
Output Sink Current 



10 


V+ = 15V 






































































































20° 


= /^ 






















J^ 




















X'd 














25°C^ 




,,,*<>^ 


?/ 


' 














>^ 


r^ 


'^ 






0.1 






70 


C 


^<r^ 


^^^ 


>^ 










^^ 


^ 




5:^^^ 


•--'^0° 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Output Propagation Delays vs. 

VcSiaQc Level of Tliyyer ruiSe 



Discharge Transistor (Pin 7) 
Voltage vs. Sink Current 



— 1 

Ta 


1 — 1 

= +2£ 


°C 












































/ 


y 
















V4 


= 5 


l^ 


^/ 


/ 
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/^ 
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Lowest Voltage Level of Trigger Pulse (V) 

Applications 

Monostable Operation 

When the timer is operated as a monostable multivibra- 
tor, one external capacitor (Ci), and one external 
resistor (Ri), are used as shown in figure 1 . When the 
trigger input is reduced below 1/3 V+, the timer 
internal flip-flop is set. This releases the short circuit 
across the external capacitor and the Q output goes 
HIGH. The voltage across the capacitor voltage reaches 
2/3 V+, the internal comparator resets the flip-flop 
and the external capacitor (C-i), is rapidly discharged, 
provided the trigger voltage is returned above 1/3 V+ 
(figure 2). The output is now in LOW state and a new 
timing cycle may be initiated. The time that the output 
is in the HIGH state is given by 1.1 R.C.,orcan betaken 
directly from figure 3. Both the charge rate and internal 
threshold are directly proportional to the supply volt- 
age. Thus, the timer output pulse width is independent 
of the power supply voltage. If a LOW is applied to the 
reset input, the output is forced LOW and the external 
capacitor discharged regardless of the other inputs. 

Astable Operation 

When the timer is operated in the astable mode, two 
external resistors (Ri and R2), and one external capaci- 
tor (Ci), are used as shown in figure 4. With this 
connection scheme, the external capacitor (Gi), charges 
and discharges between 1/3 V4- and 2/3 V+. The 
charge time (output HIGH) is: 

t = 0.693(Ri + R2)Ci 

The discharge time (output LOW) is: 

t2 = O.693R2C1 



The total period for one cycle of output HIGH and out 
put LOW is: 

t = ti + t2 = 0.693 (Ri + R2)Ci 

The frequency for this period, T, is: 

_1 - "• 

t 



f = 



0.693(Ri + R2)Ci 

The astable free-running frequency can also be found 
from the graph shown in figure 6. The duty cycle, the 
time the output is LOW divided by the period, is given by: 

_ ^2 _ ^2 
ti + 12 ~ Ri + R2 

Figure 1. Monostable Circuit 
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Figure 2. Monostable Waveforms 

t = 0.1 ms/div 



Figure 5. Astable Waveform 



I 1 

Trigger Voltage 2 V/diy 
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Output Volt 
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Capacitor \ 
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/ 
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- 


1 1 















Output Voltage 


t = 0.5 ms/div 
5 V/dIv "H" 


"H" 


"L" 




"H" 


"L" 








Capacitor Voltage 1 

1.7 V/div 
1 




X^ 


V 


^ 


V 


/^ 













Ri = 9.1 kn, Ci = 0.01 A/F, Rl = 1 kQ 

Figure 3. Time Deiay 



Rl - Rz = 4.8 kn, Ci = 0.1 fjf, Rl = 1 kn 

Figure 6. Free Running Frequency 
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Figure 4. Astabie Circuit 
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//PCI 571 
COMPANDER 



Description 

The //PC1571 is a dual gain control circuit in which 
either channel may be used as a dynamic range 
compressor or expander. Each channel contains a 
fullwave rectifier, a temperature compensated variable 
gain cell, and an operational amplifier. 

This circuit is well suited for use in telephone systems, 
limiters, voltage control amplifiers, and noise reduction 
circuits. 

Features 

n Single power supply operation 

D Temperature compensated 

D Complete compressor and expander in a single 

package 
D Dynamic range greater than 70 dB 
D Outputs fully protected against short circuits 

Blocic Diagram 



R2 
20K 



Variable 
Gain Celi 



Crect 




Recomfffiended Operating Conditions 




Limits 


Parameter 


Symbol IMin Typ Max Unit 


Operating Temperature 


Top 70 °C 


Power Supply 


V+ 6 8 13.5 V 


Rectifier Capacitor 


Crect 2.0 2.2 /iF 



Pin Co 


nfiguratio 


n 




















Crect[a] C 


1 


KJ 16 


H CreCT[B] 




INreCT[A] C 


2 


15 


3 inrect[B] 






inag[A] C 


3 


14 


3 inag[B] 






GNDC 


4 


;.PC1571 ''^'''- 






-Input A C 


5 


12 H -inputs 






R3aC 6 


11 


DRas 






Output AC 7 


10 


3 Output B 






THDTrimAC 8 


9 


D THD Trime 


83-003293A 











Ordering information 




Part Number 


Pacltage 


Operating 
Temperature Range 


AfPC1571C 


16 pin Plastic DIP 


0°Cto+70°C 


Absolute IViaximum Ratings 

Ta = +25°C 


Power Supply 




16V 


Input Voltage (Note 1) 




16V 


Power Dissipation 




400 mW 


Storage Temperature 




-55 to +1 25 ''C 



Note: 1. Applies to all input terminals. 

Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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Electrical Characteristics 

Ta = +25 °C, V+ = 8 V, Crect = 2.2 //F 




Symbol 




Limits 




Unit 


Test 
Cnnilitiniis 




Parameter 


Min 


Typ 


iVIax 




Power Supply Current 


Ice 




2.5 


4.0 


mA 


V|N = OV 




internal Reference Voltage 


Vref 


1.7 


1.8 


1.9 


V 


- TA = 0°Cto+70°C 




Vref Change with Temperature 


AVref/AT 




15 


30 


mV/°C 




Output Current 


lo 


±10 




mA 








Slew Rate 


SR 




0.2 




\l/fjS 






Internal Resistor Tolerance 




-20 




+20 


% 


- TA = 0°Cto+70°C 




Change with Temperature 






1200 


1800 


ppm/°C 




Unity Gain Level 


^unity 


-1.5 





+1.5 


dSm 


V|N-Vo 




Total Harmonic Distortion 


THO 




0.5 


2 


% 






Expander Output Noise 


Vn 




-100 




dBm 


Af = 3 l(Hz 




Gain Variation A 


AGa 


-0.2 





+0.2 


dB 


V|N = -30 dBm 
" TA = 0°to+70°C 


- 1 kHz to 5 kHz 


Gain Variation B 


AGb 


-0.5 





+0.5 


dB 




Compressor Output 


Vo 


-20.2 
-40.4 
-61.0 


-20 
-40 
-60 
-80 


-19.5 
-39.3 
-58.3 


dB 
dB 
dB 
dB 




V|N = -20dB 
V|N = -40dB 
V|N - -60 dB 
V,N = -80dB 


Expander Output 


Vo 


-10.5 
-20.7 
-31.5 


-10 
-20 
-30 
-40 


-9.8 
-19.6 
-29.0 


dB 
dB 
dB 
dB 




V,N==-10dB 
V|N = -20 dB 
V,N = -30dB 
V|N - -40 dB 


Channel Separation 


CS 


60 






dB 
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Operating Characteristics 

Ta = 25°C 







Power Supply Characteristics 
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Compressor Characteristics 
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Gain Cell Operation 

The gain cell isa multiplier comprised of two transistor 
pairs. Ii and I2 are fixed within the IC; Iq is a control 
current supplied by the rectifier. This current deter- 
mines the amount of output amplification: 



In-- 



Ig*Iin Ig'Vin 



140 //A 



Ri 




Rectifier Operation 

The output current of the op-amp is averaged by Crect 
R2 then doubled to become \q: 



Ig = 



V|N (avg) 




Gain 
V+ Cell 



r 



^ 



Compressor Operation 

Using the/iPC1571 as a compressor involves placing 
an expander in the op-amp feedback circuit. For 
example, if the input increases by 6 dB, the output is 
limited to 3 dB. The 3 dB increase produces a 3 dB 
increase in the output of the gain cell, which results in a 
6 dB increase in feedback current. 

.84 



Gain = 

V|N (avg) 

Vo = (gain) (V|n) 

Note that op-amp feedback is AC only. Cqc ^^^ the two 
Rdc provide DC feedback to set the DC bias at the 
op-amp output: 



Vqpo (DC) 



RdC (total) X v/ 
(1+ ^ -) Vref 



The output of the compressor will be biased at 3 V DC, 
assuming the internal resistors are used: 



Vo(DC) - C" 



R4 



)Vref 



Note that external resistors may be placed in series 
with R3 to change the gain, or with R4 to change the 
output DC bias. 

1/2fJiPC1571 



Vref 
O 



R3 
20k 



Gain 
Cell 



R2 
20k 



Rl 
10k 
Rectifier I \\V- 



Cfb 



Rdc 
-A/W 



X 



Rdc 
-A\V- 



COUR 
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Expander Operation 

When connected as an expander, the input signal is 
applied to both the rectifier and the gain cell. When the 
signal drops by 6 dB, the gain current drops by a factor 
of 2 so the overall gain drops by 6 dB. Thus the output 
level will drop by 12 dB. 

Gain = (1.43) (ViN(avg)) 
Vo = (gain) (V|n) 



CIN1 R2 



CIN2 Ri 



X 




Applications 

A. Automatic Level Control 

With the rectifier input tied to V|n, a very high per- 
formance ALC can be built. Gain is inversely pro- 
portional to input level, so a 20 dB drop in input 
produces a 20 dB increase in gain. Circuit shown will 
maintain a fixed output ±1 dB from —43 dBm to 
+14dBmat1 kHz. 






H>f- 



33k 
— VW- 



R3 
1 //F 20K 

HI — WV 



"1. 



20K 
— VA- 



T 



33k 



Vref 

R4 O— 
30K 




30 pF 
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//PCI 663/1 664 

ULTRA-WIDEBAND 

DIFFERENTIAL AMPLIFIER 



Description 

The //PC1663 and /yPC1664 are video amplifiers witin 
differential input and output stages. An ultrahigh- 
frequency process (fj = 6 GHz) improves ac per- 
formance compared with industry-standard type 733 
video amplifiers. The/yPC1 663 and /iPC1 664 are excel- 
lent as sense amplifiers for high-density CCDs, as 
video or pulse amplifiers in high-resolution displays, 
and in communications equipment. 

Features 



Pin Configuration 



n 



Bandwidth and typical gain 
120MHzat AvoL = 300 
170MHzatAvoL = 90 
700MHzat AvoL = 8 
Very small phase delay 
Gain adjustable from 8 to 300 
Frequency compensation not required 
Pin compatible (a(PC1664G) with type 733 
Pin compatible (//PG1663C) with type 592 



Ordering Information 



Part 

Number Package 


Operating 

Temperature 

Range 


/yPC1663C 8-Pin Plastic DIP 


0to+70°C 


/^PC1664C 14-Pin Plastic DIP 


0to+70°C 


Absolute Maximum Ratings 

Ta = 25°C 


Voltage Between V+ and V- 


+8V 


Power Dissipation AfPC1663C 


500 mW 


Power Dissipation AyPC1664C 


570 mW 


Differential Input Voltage 


+5V 


Common Mode Input Voltage 


±6V 


Output Current 


35 mA 


Operating Temperature Range 


-20 to +70 °C 


Storage Temperature Range 


-55to+125°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 









Input 2 1 

G1A 2 

V- 3 

Ouput2 4 




K^ 




8 Input 1 
7 GIB 
6 V+ 
5 Output 1 








\ 


V 


/ 


/iPC1663C 






83-003086A 









^ 


Input 2 1 








14 Input 1 








NC 2 








13 NC 


G2B 3 
G1B 4 








12 G2A 
11 G1A 


\ 


M 


/ 


V- 5 








10 V+ 


NC 6 








9 NC 


Output 2 7 








8 Output 1 

83-003087A 


A/F 


>C1664 


C 
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Equivalent Circuit 



G1A O " 



^ >^ 



Input 



i i 



-^ 



^ 



< 
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V 
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Electrical Characteristics 

Ta = 25°C, V± = ±6V 







Symbol 




Limits 




Unit 


Test 


Parameter 


Min. 


Typ. 


Max. 


Conditions 




Gaini 


AVOL 




soo 






Notel 


Differential 
Voitage Gain 


Gain 2 
Gains 




90 






Note 2 






8 






Notes 




Gaini 


BW 




120 




IVIHz 




Bandwidth 


Gain 2 
Gains 




170 




Rs - 50 Q; 
-S dB point 






700 








Gaini 


tr 




2.9 




ns 


Rs - 50 Q: 


Rise Time 


Gain 2 
Gains 




2.7 




%T = 






2.9 




1Vp.p 




Gaini 


tpd 




2 




ns 


Rs = 50 Q; 


Propagation 
Deiay 


Gain 2 




1.6 




V0UT = 




Gains 




1.2 




lVp.p 


Input Offset Current 


■io 




0.4 


5.0 


//A 




Input Bias Current 


■b 




9.0 


SO 


A/A 




Input Voltage Range 


V|N 




1.0 




V 




Output Offset 
Voltage 


Gain 1 
Gain 2 


Vq (OFF) 





0.6 
0.S5 


1.5 
1.5 


V 
V 




Output Common Mode 
Voitage 


VO(CM) 


2.4 


2.9 


S.4 


V 




Output Voitage Swing 


VO|p-p) 


S.0 


4.0 




Vp.p 




Output Sinic Current 


'sink 


2.5 


S.6 




mA 




Supply Current 


Ice 




15 


24 


mA 





Notes: 1. Gain select pins G1A and G1B are connected. 

2. Gain select pins G2A and G2B are connected. 

3. All gain select pins are open. 

4. Insert adjustment resistor (0 to 10 kO) between G1A and 
GIB when variable gain is necessary. 

Attention: Due to ultrahigh-f requency characteristics, the physical 
circuit layout is very critical. Supply voltage line bypass, double- 
sided printed-circuit board, and wide-area ground line layout are 
necessary for stable operation. Two signal resistors connected to 
both inputs and two load resistors connected to both outputs should 
be balanced for stable operation. 



Operating Characteristics 

Ta = 25°C 




Pulse Response 



500 mV/div Vertical 
20 ns/div Horizontal 



Pulse Response 





500 mV/div Vertical 
20 ns/div Horizontal 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Pulse Response 




Maximum Output Voltage Swing vs Frequency 
[SInale-Ended Video Line] 




Frequency (MHz) 



500 mV/div Vertical 
20 ns/div Horizontal 







Single-Ended Gain 


vs Frequency 
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Measurement Circuit 
V± = ±6V 



Gainl 
Gain 2 
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75 n Output 
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Phase Shift vs Frequency 
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//PC3423 

OVERVOLTAGE ''CROWBAR" 

SENSING CIRCUIT 



Description 

The //PC3423 is an overvoltage protection circuit 
(OVP) that protects sensitive electronic circuitry from 
overvoltage transients or regulator failures when used 
in conjunction with an external "crowbar" SCR. 

Features 

D Threshold voltage easily programmed by external 

resistors 
D Programmable trip delay 
D 300 mA output current 
D Equivalent to MC3423 

Ordering Information 



Part Number Package 


Operating 
Temperature Range 


A(PC3423C 8-pin Plastic DIP 


-20°CtO+70°C 


Recommended Operating 


Conditions 




Limits 


Parameter Symbol 


IVIin Typ IVIax Unit 


Supply Voltage V+ 


4.5 36 V 


Output Current Iq 


300 mA 


Indication Output Current lodnd) 


10 mA 



Pin Configuration 









V+ClV-^ 8 
Sense 1 C 2 7 

Current Source C 4 5 


3 output 

"2 Ground 

m Indicator Output 

3 Remote Activation 






83-003247A 



Absolute iUiaximum Ratings 

Ta = 25°C 




Parameter 


ArPC3423 


Unit 


Supply Voltage 


45 


V 


Sense Voltage 


6.8 


V 


Remote Activation Input Voltage 


7.0 


V 


Output Current 


300 


mA 


Total Power Dissipation 


600 


mW 


Operating Temperature Range 


-20 to +70 


°C 


Storage Temperature Range 


-40 to +125 


°C 



Comment: Stress above those listed under "Absolute Maximum 
Rati ngs" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Equivalent Circuit 

1/4 Circuit 



1 

2 1 








10V+ 








"H 
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>^ 












1 


Sensei i 








^^X^ 
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Vref 
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Electrical Characteristics 

V+==5.0V, Ta+25°C , 






Limits 




Unit 


Test 




Sy-mbu! rv. 


ir. Tvp 


"■ax 


COnfiitluiiS 


Output Voltage 


Vo v+- 


-2.2 V+-1.8 




V 


Iq- 100 mA 


Indication Output Voltage 


VoLIInd) 


0.2 


0.4 




lo(lnd) = 8 mA 


Sense Voltage (1). (2) 


JJsensel 2.4 2.6 
"senseZ 


2.8 


V 




Sense Voltage Drift 


AVsense/AT 


-0.04 




%/°c 


-20°C<Ta<+70°C 


Remote Activation Input Current 


i|H 


0.1 


40 


/^A 


V,H-2.0V 


Remote Activation Input Current 


i|L 


-250 




//A 


V|L = 0.8 V 


Source Current 


'source 


300 




/^A 


See Test Circuit 


Output Current Rise Time 


tr 


400 




mA/A(S 


lo = 100 mA 


Propagation Delay 


tpd 


0.5 




A'S 


Supply Current 


Ice 


5.0 


8.0 


mA 


pin 5 grounded, other terminals open 



Test Circuit 



, Test Circuit 
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Typical Applications 

1. Basic Application 



Fuse 



DC Power 
Supply 



Vref 
= 2.6V 



l__ 





3 6 Sense 2^0 eO indicator Output 



Remote Activation 



|Output 



<i 



Rg °r- 
-AW ' 



Crowbar 
SCR 
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Typical Applications (Cent.) 

2. Application wtien programmable duration of overvoltage condition before trip is needed 



h 



r' 



DC Power 
Supply 



Vref 
= 2.6V 



■source 1] 




I |Output 

D 30Sense2 5Q 60 Indicator Output 



Remote Activation 



'H 



Rg °r- 



Crowbar 
SCR 



Timing Chart 



Voltage Waveform 
of Capacitor C 



IC's Output [pin B] 



Vtrip — ► 



/^^!?^?^^M_ 



:t 



.^^ 



»c/t 



.*-tpd-^ 



n. 



Voltage Waveform 
of Capacitor C 



Slope of Voltage Waveform 



Vc/t = 



Duration Tpt 

, , _ C Vsense 

tpt--j 

■source 

Vsense = 26 V [Typ.] 
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Operating Characteristics 

Ta = 25°C 

Maximum Power Dissipation 
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Ambient Temperature (°C) 
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Source Current vs. Ambient Temperature 
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Sense 1 = 3 V 
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vs. Output Current 
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Sense 2 = 3 V 
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Indication Output Current (A) 



Supply Current 
vs. Supply Voltage 
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Operating Characteristics (Cent.) 

Ta = 25°C 



Supply Current 
vs. Ambient Temperature 
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//PD5555/5556 
CMOS TIMERS 



Description 

The//PD5555/56are CMOS RC timers providing signifi- 
cantly improved performance over the standard bipolar 
555/556 timers, wliile at the same time being direct 
replacements for those devices in most applications. 
I mproved parameters include low supply current, wide 
operating supply voltage range, THRESHOLD, TRIG- 
GER and RESET currents as low as 2 pA, no crow- 
barring of the power supply during output transitions, 
higher frequency performance, and no requirement to 
decouple control voltage for stable operation. 

Specifically, the /iPD5555/56 are stable controllers 
capable of producing accurate time delays or fre- 
quencies. The 5556 is a dual 5555, with the two timers 
operating independently of one another, sharing only 
V+ and GND. In the one-shot mode, the pulse width of 
each circuit is precisely controlled by one external 
resistor and capacitor. For astable operation as an 
oscillator, the free running frequency and the duty 
cycle are controlled by two external resistors and one 
capacitor. The circuits can source or sink current large 
enough to drive TTL loads or provide minimal offsets to 
drive CMOS loads. 

Features 

D Exact equivalent in most cases for industry 

standard 555/556 timers 
D Low supply current 
D 3 to 16 V operating voltage range 
D Timing from microseconds through hours 



Pin Configurations 












83-001 892 A 


GNDC 1 V->' 8 
Trigger C 2 7 
Output C 3 6 

Reset C 4 5 


J Discharge 
U Threshold 
U Control 




/t/PD5555C/G2 











Discharge A C 


1 W 14 


DV+ 


Threshold A C 


2 13 


H Discharge B 


Control Voltage A £ 


3 12 H Thresholds 


Reset A E 


4 11 U Control Voltage B 


Output AC 5 10 


H Reset B 


Trigger AC 6 9 h Outputs 


GND C 7 8 


D Triggers 




A/PD5556C/Q2 
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Ordering information 




Part 
Number 


Package 


Type 


)uPD5555C 


Plastic DIP 


Single 


//PD5555G2 


Plastic MIniflat 


Single 


//PD5556C 


Plastic DIP 


Dual 


//PC5556G2 


Plastic MIniflat 


Dual 



Equivalent Circuit 
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Applications 

Figure 1. Monostable Operation 
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Figure 1 shows the//PD5555 operating as a monostable 
(one-shot) multivibrator. The sequence of operation is 
described below. 

1 . When the trigger input is reduced below 1/3 V+, the 
timer internal flip-flop is set. 

2. This releases the short-circuit across C1 and the 
output goes high. 

3. When the voltage across C1 reaches 2/3 V+, an 
internal comparator resets the flip-flop. 

4. If the trigger voltage has returned above 1/3 V4-, CI 
discharges rapidly. 

5. The output is now low and a new \ 
initiated. 



The time that the output is high can be taken from the 
graph in figure 1 or calculated by this formula: 

t(seconds) = 1.1 x Rl (MQ) x CI (yuF) 

If a low is applied to the reset input, the output is forced 
low and C1 is discharged regardless of the other 
inputs. 
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Applications (Cont.) 

Figure 2. Astable Operation 



V+ =3 to 16 V 
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o 





.> 


\. 






N 


\ 


X 


^OkO 


kn 






V 


^\^oo 


kn >. 


V 


V 


(R1+2 


\l0Mf 


k> 


^N 


\ 








\ 


^ 


^w 


s\ 
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0.01 0.1 1.0 

Free-Running Frequency (kHz) 



Figure 2 shows the yuPDSSSS operating as a free- 
running multivibrator. Capacitor C1 charges and dis- 
charges between 1/3 V+ and 2/3 V+. The free-running 
frequency can be obtained from the graph in figure 2 or 
calculated by the formula below. 

Charge time (output high): ti = 0.693 (R1 + R2) C1 

Discharge time (output low): t2 = 0.693 R2 C1 

Period: t = t-j + t2 = 0.693 (R1 + 2R2) C1 



lntheformulas,thecorresponding units in which time, 
frequency, resistance, and capacitance can be expres- 
sed are: 




Time 


Frequency 


Resistance 


Capacitance 


s 


Hz 


MO 


//F 


ms 


kHz 


kQ 


//F 


^z 


MHz 


n 


/^F 



Frequency =1 =3 ggg (ri+2R2)C1 



Duty cycle (output low): D 



= t2: 



R2 



t R1+2R2 
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SEC 



Electrical Characteristics 

Ta = 25°C; V+ = 3 to 15 V unless otherwise specified. 





SyliloDi 




Limits 




Unit 


Test 


rardiiieter 


min. 


Typ. 


inax. 


Oonditions 


Supply Current 


Ice 




115 
140 


250 
350 


/iA 


V+ = 5V 
V+ = 15V 


Tlireshold Voltage 


Vth 




2/3 
V+ 




V 






ith 




50 




pA 


V+ = 15V 


Threshold Current 




10 

1 




V+-5V 
V+ = 3V 


Trigger Voltage 


Vtrig 




1/3 
V+ 




V 






'trig 




50 




pA 


V+ = 15V 


Trigger Current 




10 

1 




V+ = 5V 
V+ = 3V 


Reset Voltage 


Vrst 


0.4 
04~ 


1.1 
1.1 


2.0 
2.0 


V 


V+ = 15V 


(VouT becomes low.) 


V+ = 3V 



100 



Reset Current 



•rst 



20 



pA 



Vreset = V-. 
V+ = 15V 

V+ = 5V 

V+ = 3V 



Output Low Level 



0.06 0.4 

Vol V 

0.14 0.4 



V+ = 15V. 
'sink = 3-2 mA 
V+ = 5 V, 
•sink = 3.2 mA 



14.25 14.85 



Output High Level 



Vqh 



V+ = 15V. 
'source = ^ mA 







4.0 


4.7 




V+ = 5 V. 
'source = lmA 


Output Rise Time 


tr 




40 


ns 


V+ = 5V. 
Rl = 10MQ. 
Cl = 7pF 


Output Fall Time 


tf 




40 


ns 


V+ = 5 V. 

Rl = iomq. 

Cl = 7pF 


Max Osc Freq 


'osc 


500 




kHz 


Astable 
Operation 


Propagation Delay 
{V+ = 5 V) 


tpd 




350 


ns 


Monostable 
operation; 
trigger level 
-0.1V+ 


Min Trigger Pulse 
Width (V+ = 5 V) 


ttr 




160 


ns 


Trigger level 
= 0.1 V+ 


Control Voltage 






2/3 
V+ 


V 





liming Error initial 
Accuracy 

Temperature Drift 

Supply Voltage Drift 



50 



ppm/°C 



%/V 



H1,RZ = 1 
to 10 1(0, 
CI = 0.1 fj?, 
V+ = 5to 
15V 



Absolute Maximum Ratings 

Ta = 25°C 



Supply Voltage 


18V 


Input Voltage 


V+±0.3V 


Output Current 


100mA 


Power Dissipation, /yPD5555 
Plastic Minifiat 
Plastic DIP 


350 mW 
440 mW 


Power Dissipation, /yPD5556 
Plastic Minifiat 
Plastic DIP 


550 mW 
570 mW 


Operating Temperature 


-20 to +70 ''C 


Storage Temperature 


-55to+125°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 



Paramater Symbol 


Min. 


Typ. 


Max. 


Unit 


Oscillation Frequency 






500 


kHz 


Supply Voltage (Note 1) V+ 


3 




16 


V 


Input Voltage V|n 









V 


Output Sink Current Isink 






3.2 


mA 


Output Source Current Isqurce 






1 


mA 


Operating Temperature Tqpt 


-20 




70 


°C 



Note: 1. To reduce transient switching noise on the supply voltage 
line, install a bypass capacitor from V+ to ground. 
Connect the capacitor, with value listed below, close to 
V+. 

V+ C 



<10V 
>10V 



0.047 /yF 
0.1 yuF 



Timing Waveform 





2V 


























; 


F 






























: 


- 














1 1 1 1 




: 




1 1 1 1 


I 1 1 1 












































































: 






10 ps 





* No Overshoot 

» Vqh can reach V+ without pull-up resistor 
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Operating Characteristics 

Ta = 25°C 



Supply Current (Static) vs. V+ 



Output Sink Current vs Vol 
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Output Low Voltage (V) 



Dynamic Current vs Frequency 



Output Source Current vs VoH 
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Section 8 — Charge Coupled Devices 

)uPD791 4096-Bit CCD Image Sensor 8-1 

//PD795 1024-Bit CCD Image Sensor 8-9 

//PD799 2048-Bit CCD Image Sensor 8-17 
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//PD791 

4096-BIT COD 

IMAGE SENSOR 



Description 

TheyuPD791 is a CCD (charge-coupled device) linear 
image sensor that changes optical images to electrical 
signals. It has 4096 photo-elements, two lines of 2061- 
bit CCD charge transfer registers, two output amplifi- 
ers, and two compensation signal amplifiers. 

The photo-elements have excellent response char- 
acteristics because of their PN junction construction. 
They are 7 by 5 ywm separated by 2-yum channel 
stoppers. 

The CCD charge transfer registers have very high 
transfer efficiency, above 99.996 percent. 

Features 

n Excellent photo-electrical characteristics 

D Single 12-volt power supply 

D Compensation amplifier signal can reduce output 

signal noise 
D High resolution of 16 dots per mm across 25.6-cm 

page 
D Transfer efficiency above 99.996 percent 
D 24-pin ceramic DIP 

Applications 

Facsimile 

OCR (optical character reader) 

Instrumentation 



Pin Configuration 



Ordering Information 




Part 

Number Package 


Operating 

Ambient 

Temperature 


/yPD791D 24-pin ceramic DIP 


-25 to +55 °C 











NCC 


1 W 24 


DGND 


IDC 


2 23 


3G^ 




•^irC 


3 22 


DG2 




0TgC 4 21 


3HC 




NCC 


5 20 


3NC 




01 11 7 18 


D02 

D01 




<pR^L 


8 17 


3 0R2 




VrdC 9 16 


DVOG 




csic 


10 15 


DCS2 




VOUTI C 


11 14 


3 VOUT2 




GNDC 12 13 


DVOD 


83-0031 49A 









Pin Identification 



Pin 


Name 


♦Function 


1 


NC 


No connection 


2 


ID 


Test input 


3 


<^IR 


Test Input 


4 


0TG 


Transfer gate clock input 


5 


NC 


No connection 


6.7 


02-01 


Register clock input 


8 


0R1 


Reset gate clock 1 input 


9 


Vrd 


Reset part power supply input 


10 


CSi 


Compensation signal 1 output 


11 


Vquti 


Output libit 1.3. 5....) 


12 


GND 


Ground 


13 


VOD 


Output amplifier power supply input 


14 


V0UT2 


Output 2 (bit 2. 4. 6...) 


15 


CS2 


Compensation signal 2 output 


16 


VOG 


Output gate bias input 


17 


0R2 


Reset gate clock 2 input 


18,19 


01-02 


Register clock input 


20.21 


NC 


No connection 


22 


G2 


Test Input 


23 


Gl 


Test input 


24 


GND 


Ground 




*AII NC pins should be connected to ground. 
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Block Diagram 



ID 

02 



0TG <P2 
94 Q19 



rDOD 



^995^ 



623 622 63 06 

Gi G2 0IR 4>2 



0R2 Vrd 

Q17 Q9 



CCD Charge Transfer 
Register [2061 bits] 



CCD Charge Transfer 
Register [2061 bits] 



Photo-Elements 
[4096 bits + 8 invalid bits] 




-n 



i:^ 



n 



r! 



r! 



624 6 16 68 

GND VOG ^R1 



VOD 
p13 



< 



< 



< 



< 



612 

GND 



Photo-Element Construction 



Aluminum Electrode 




U^ 



2ZZ 





2ZZZA 




7ZZIZ 




Channel Stopper 




^ 
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Electrical Characteristics 

Ta == +25 °C; source of light, 2856 K tungsten lamp; exposure period = 5.0 ms; f0i , f02, and f^p = 1 MHz; external load resistance = 2 kO; Vqd 
and Vro = 12.0 V; Vqg = 3.2 V; Vqi and Vg2 = V. 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Saturation Output Voltage 


VSAT 


300 


400 




mV 




Saturation Exposure 


SE 




0.22 




lx*s 




Ptioto-Response Nonuniformity 


PRNU 




±5 


±10 


% 


VouT = 200 mV; infrared cut filter. Corning 1-75 


Average Darl( Signal 


ADS 




2 


10 


mV 


No exposure 


Dark Signal Nonuniformity 


DSNU 




10 


20 


mV 


No exposure 


Working Power Consumption 


Pd 


70 


150 


230 


mW 


Current of pins 9 and 13 x supply voltage 


Spectral Response Range Limits 


SR 


0.3 




1.1 


fjm 




Sensitivity 


S 


1300 


1900 


3000 


mV/lx«s 




Offset Voltage 


Vio 


4 


6 


8 


V 


0% level of Vqut in timing waveforms 


Output Delay Time 


to 




50 


120 


ns 


See timing waveforms. 


Difference between Vquti and 
VouT2 


dVoUT 






±10 


% 


VouTi=200mV 



Reference Characteristics 



Limits 


Parameter Min 


Typ Max Unit 


input Capacitance at 0i or 02 (P>ns 6, 7, 18, 19) 400 


800 1200 pF 


Input Capacitance at <p^ (pins 8. 1 7) 5 


10 15 pF 


Input Capacitance at 0tg (Pin 4) 50 


100 150 pF 


Output Impedance at Vqut or CS (pins 10, 11, 14, 
15) with 2-kQ external load resistor 


1.0 2.0 kO 


Absolute Maximum Ratings 

Ta-+25°C 


Output Amplifier Supply Voltage, Vqq 


-0.3 to +18 V 


Reset Part Supply Voltage, Vrq 


-0.3 to +18 V 


Output Gate Voltage. Vqq 


-0.3 to +18 V 


Register Clock Signal Voltage. V^i ^2 


-0.3 to +18 V 


Transfer Gate Clock Signal Voltage, V^jG 


-0.3 to +18 V 


Reset Gate Clock Signal Voltage, V^r 


-0.3 to +18 V 


Operating Temperature. Tqpj 


-25 to +55 °C 


Storage Temperature. Tstg 


-40to+100°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



Recommended Operating Conditions 

TA = -25to+55°C 






Symbol 




Limits 






Parameter 


Min 


Typ 


Max 


Unit 


Output Amplifier Supply Voltage 


Vqd 


11.4 


12.0 


12.6 


V 


Reset Part Supply Voltage 


Vrd 


11.4 


12.0 


12.6 


V 


Output Gate Bias Voltage 


Vqg 


2.7 


3.2 


3.7 


V 


Test Terminal Gi Voltage 


Vgi 









V 


Test Terminal G2 Voltage 


Vg2 









V 


Test Terminal ID Voltage 


V|D 


10 


12.0 


15 


V 


Test Terminal 0|r Voltage 


V^IR 









V 


High Level of Register Clock Signal 


V0102H 


9.0 


12.0 


12.5 


V 


Low Level of Register Clock Signal 


V0102L 


-0.3 





0.5 


V 


High Level of Transfer Gate 
Clock Signal 


V^TGH 


9.0 


12.0 


12.5 


V 


Low Level of Transfer Gate 
Clock Signal 


V^TGL 


-0.3 





0.5 


V 


High Level of Reset Gate 
Clock Signal 


V^RH 


9.0 


12.0 


12.5 


V 


Low Level of Reset Gate 
Clock Signal 


V,RL 


-0.3 





0.5 


V 


Register Clock Signal Frequency 
(see Note) 


»0l02 




1 


3.5 


MHz 


Reset Gate Clock Signal 
Frequency (see Note) 


Vr 




1 


3.5 


MHz 




Note: At lower frequencies, tp of output signal is >100 ns. (See 
Timing Waveforms.) 
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No Photo-elements 



Photo-elements 



^4095 
Photo-elements , Photo-elements 

T ^ 



No Photo-elements 



jn n n tl. 



No Photo-elements 



Invalid 2 Valid 

Photo-elements Photo-elements 



JT n n n n_ 



Photo-elements I 



No Photo-elements 






\ 



-t0R«5Ons) -» 



tR0 (>10 ns)- 

<^R2 JL 10% 



- 90% 

- 10% 

-90% 

- 10% 



tRH {>10 ns)-». 
90% 



^ 



/ 



♦-t0F (20 to 100 ns) 
90% 
10% 






3_r 



100 ns 5//S 100 ns 

j Min Min Min | I 



-tR0(>1Ons) 



y\ 



• 01 and 02 are symmetrical. 

• The crossing voltage of 0i and 02 should be kept 
above Vqg + 1 V. 

• The register clock pulse should be not more than 
2061 cycles. 

• Width of the transfer gate pulse should be less than 20 fjs. 





H 


t: 


3 


V 


a 


3 
ID 


•J 


^ 




D 




< 




<D 




^ 




O 




n 




3 




« 
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Definitions of Electrical Parameters 

Saturation Output Voltage [Vsat]- An output signal 
level above which the PRNU (photo-response non- 
uniformity) is >10% or the response is nonlinear. 

Saturation Exposure [SE]. Product of illuminance (Ix) 
and exposure period (s) in which the output is 
saturated. 

Photo-Response Nonuniformity [PRNU]. Percentage 
of peak output level and bottom output level against 
average output level of all valid photo-elements in 
static and uniform light. 



PRNU (%) =(- 



[OrVfu 



1)x100 



1 



where 

n = number of valid photo-elements 

Vj = output voltage of each photo element 







_._ 7 


Vmin 


Vmax 




llVi 
nj=i ' 






^ 


/ 










83-0031 52A 



Average Dark Signal [ADS]. Average output level of 
valid photo-elements with no exposure. 

ADS (mV)=-^IVi 



Working Power Consumption [Pw]. Product of supply 
voltage and current when supply voltage is 12.0 V. 

Spectral Response Range Limits [SR]. Short side and 
long side limits of response spectral range having 
sensitivity above 5 percent of sensitivity of most 
sensitive wavelength. 




83-0031 54A 



Sensitivity [S]. Quotient of the output level divided by 
exposure (lx«s). 

Offset Voltage [Vosl- Output terminal potential with no 
exposure. 



Dark Signal Nonuniformity [DSNU]. Peak output level 
with no exposure. 



EZ 
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Example of Driving Circuit 

(Sheet 1 of 2) 



//PB74LS10 



r' 



I 



o> 



1 



D ^Q -J L- D ^Q 



I 



mm mm 



I 



I 220 pF 



1 pF 28 MHz 

HI — in»- 



^—\\ — f AV- 



L 



if 



D 5 

R S 



.J 



<J:rrO 



n 






"JSS.r ir iooko 



lit>' tO-H 



//PB74LS163 



CK Qa 

Qb 

Qc 

RCO Qd 



I T I 



I I +5 70 

nAiPB74LsT63 I 



CK Qa 
Qb 
Qc 

RCO Qd 






I I 

A(PB74LS10 
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Example of Driving Circuit (Cont.) 

(Sheet 2 of 2) 



Reg 



? I 1 1000 pF 

I /yPB74LS86 | ii i <- - 

I 1000 pF I 



I 1000 pF I 




"0026" type MOS 
memory interface 



2.2 kQ ^ >2.2kO 5 

11 "1 



Note: 

1. Supply voltage for clock generating is +5 V. 

2. If ringing is present on the 0r waveforms, try connecting a resistor and capacitor in series 
between pin 8 (0ri) and grounnd and between pin 17 (0R2) and ground as damping circuits. 
Approximate values are 68 O and 330 pF. 
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Operating Characteristics 

Ta = 25°C 

Signal Output 




20 30 

Ambient Temperature Ta ( °C) 



40 50 





Relative Spect 


rum Response 
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^-^ 
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White fluorescent lamp 
Lens: f = 38 mm F4.5 
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Wavelength {pxn) 



6 8 10 12 14 16 

Spatial Frequency (dots/mm) 
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//PD795 

1024-BIT COD 

IMAGE SENSOR 



Description 

The/yPD795 is a CCD (charge-coupled device) linear 
image sensor that changes optical images to electrical 
signals. It has 1024 photo-elements, two lines of 525- 
bit CCD charge transfer registers, a drive unit, a 
sample-and-hold circuit, and an output amplifier. The 
drive unit simplifies the external circuit and reduces 
total drive power. The sample-and-hold circuit sub- 
stantially reduces output signal noise. 

The photo-elements have excellent response char- 
acteristics because of their PN junction construction. 
They are 14 by 9 ^fm separated by b-ijrc\ channel 
stoppers. 

The CCD charge transfer registers have very high 
transfer efficiency, above 99.996 percent. 

Features 

D Excellent photo-electrical characteristics 

D Single 12-volt power supply 

D On-chip drive unit and sample-and-hold circuit 

D High resolution of 8 dots per mm across 12.8-cm 

page 

D Transfer efficiency above 99.996 percent 

n 20-pin ceramic DIP 

Applications 

Facsimile 

OCR (optical character reader) 

Instrumentation 

Photo-Element Construction 



Pin Configuration 



Aluminum Electrode 




. Channel Stopper 











GND C 


1 V-/ 20 I] GND 


010 C 


2 19DVOUT 




0ROC 


3 18DVOD 




0SHO C 


4 17 


DVrd 




NCC 

NCE 


5 16 
A(PD795D 


DVoG 
DNC 




NCC 


7 14 


DNC 




0TGO C 


8 13 


D«IR 




G2C 


9 12 


DG1 




v+C 


10 11 


DID 


83-003308A 









Pin Identification 



Pin 


Name ^Function 


1 GND Ground 


2 


010 Register clock input 


3 


0RO Reset gate clock Input 


4 


0SHO Sample-and-hold clock Input 


5.6.7 


NC No connection 




8 


0TGO Transfer gate clock input 


9 


G2 Test input 




10 


\/+ Drive unit power supply input 


11 


ID Test input 




12 


Gi Test input 




13 


0IR Test input 




14,15 


NC No connection 




16 


Vqg Output gate bias input 


17 


Vrd Reset part power supply Input 


18 


Vqo Output amplifier power supply input 


19 


VouT Output 




20 


GND Ground 




*AII NC pins should be connected to ground. 

Ordering Information 


Part 
Number 


Package 


Operating 

Ambient 

Temperature 


/yPD795D 


20-pin ceramic DIP 


-25 to +55 °C 
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00 

I 

o 



]-D- 



J J 



6 6 6 



Photo-elements 
(1024 bits T 
8 invalid bits) 

Transfer Gate 



•^TGO 010 0RO 

9 9 9 

8 2 3 



ni 




Leakage Current 
Drain Channel 



CCD Charge Transfer 
Register (525 bits) 



Pulse Width 
Regulator 



— <- 



"^ 



^' 



^- 



^^ 



6 

VOG 



-^ 



<K 



f\t 



M 



?'r rL 



r" 



O 

o 



S 
3 



"0 
O 

(0 

(II 
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Electrical Characteristics 

Ta = +25 °C; source of light, 2856 K tungsten 


lamp; exposure period = 


= 5.0 ms; Vqg. VqD' ^^d ^ 


^RD = 1 2.0 V; f^io = 250 kHz; f^Ro = 500 kHz. 




Symbol 




Limits 






Test 


Parameter 


Min 


Typ 


Nlax 


Unit 


Conditions 


Saturation Output Voltage 


VSAT 


400 


650 




mV 




Saturation Exposure 


SE 


0.15 


0.20 




ix.s 




Plioto-Response Nonuniformity 


PRNU 




±5 


±10 


% 


Vqut = 200 mV; infrared cut filter, Corning 1-75 


Average Darl( Signal 


ADS 




3 


10 


mV 


No exposure 


Dark Signal Nonuniformity 


DSNU 




5 


15 


mV 


No exposure 


Worl(ing Power Consumption 


Pd 




200 




mW 


Current of pins 10, 17, and 18 x supply voltage 


Spectral Response Range Limits 


SR 


0.3 




1.1 


/jm 




Sensitivity 


S 


2000 


3250 


4500 


mV/lx«s 




Offset Voltage 


Vio 




4.0 




V 


0% level of Vqut in timing waveforms 


Feed-Tlirough Delay Time 


to 




50 


100 


ns 


See timing waveforms. 


Feed-Through Level 


Vft 




70 


120 


mV 




Feed-Through Pulse Width 


tpw 




70 


120 


ns 





Reference Characteristics 



Limits 


Parameter Niin 


Typ IVIax Unit 


Input Capacitance at 0io. 0ro, 0sho> or 0tgo 
(pins 2. 3. 4. 8) 


5 10 pF 


Rise Time and Fall Time of Feed-Through Pulse 


50 100 ns 


Output Impedance at Vqut (Pin ^ 9) 0-5 


1.0 2.0 kO 


Absolute Maximum Ratings 

Ta = +25°C 


Output Amplifier Supply Voltage, Vqd 


-0.3 to +15 V 


Reset Part Supply Voltage, Vrq 


-0.3 to +15 V 


Drive Unit Supply Voltage. V+ 


-0.3 to +15 V 


Output Gate Voltage, Vqg 


-0.3 to +15 V 


Register Clock Signal Voltage, V^iq 


-0.3 to +15 V 


Transfer Gate Clocic Signal Voltage. V^tgo 


-0.3 to +15 V 


Reset Gate Clock Signal Voltage, V^rq 


-0.3 to +15 V 


Sample-and-Hold Clock Signal Voltage. V^sHG 


-0.3 to +15 V 


Operating Temperature, Tqpt 


-25 to +55 °C 


Storage Temperature, Tstg 


-40to+100°C 



Recommended Operating Conditions 

TA = -25to+55°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 





Symbol 




Limits 






Parameter 


IVIin 


Typ 


IVIax 


Unit 




Vgo 


11.4 


12.0 


12.6 


V 


Reset Part Supply Voltage 


Vrq 


11.4 


12.0 


12.6 


V 


Drive Unit Supply Voltage 


V+ 


11.4 


12.0 


12.6 


V 


Output Gate Bias Voltage 


Vgg 


1.0 


1.25 


1.50 


V 


Test Terminal Gi Voltage 


Vgi 









V 


Test Terminan52 Voltage 


Vg2 









V 


Test Terminal ID Voltage 


V|D 




12.0 




V 


Test Terminal 0ir Voltage 


V0IR 









V 


High Level of Register Clock Signal 


V^lH 


2.4 


4.5 


5.5 


V 


Low Level of Register Clock Signal 


V^IL 


-0.3 





0.5 


V 


High Level of Transfer Gate 
Clock Signal 


V^TGH 


2.4 


4.5 


5.5 


V 


Low Level of Transfer Gate 
Clock Signal 


V0TGL 


-0.3 





0.5 


V 


High Level of Reset Gate 
Clock Signal 


V^RH 


2.4 


4.5 


5.5 


V 


Low Level of Reset Gate 
Clock Signal 


V^RL 


-0.3 





0.5 


V 


High Level of Sample-and-Hold 
Clock Signal 


Vj/,SHH 


2.4 


4.5 


5.5 


V 


Low Level of Sample-and-Hold 
Clock Signal 


V^SHL 


-0.3 





0.5 


V 


Register Clock Signal Frequency 


Vio 




250 


500 


kHz 


Reset Gate Clock Signal 
Frequency 


f^RG 




500 


1000 


kHz 




: 
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No Photo-elements 



Invalid 
Photo-elements 



1024 I 

Invalid 
Valid Photo-elements Photo-elements 



I 
3 

in 



< 



3 

0) 



1^ 

u 

01 



No Photo-elements 



10 1^ 



J 



z^rrrv 



\j — I 



— 300 n 
" 300 ns 



•^TGO 100 ns 
Min. 



)Ons-»^ 
lin. 



2^ 



r 100 ns 
Min. 

juumr 



-^^^ 50% / 



PF" 



• The register clock signal 0io should be 
not more than 526 cycles. 

• Width of thea transfer gate pulse 0tgO should 
be less than 20 //s. 
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Definitions of Electrical Parameters 

Saturation Output Voltage [Vsat]- An output signal 
level above which the PRNU (photo-response non- 
uniformity) is >10% or the response is nonlinear. 

Saturation Exposure [SE]. Product of illuminance (Ix) 
and exposure period (s) in which the output is 
saturated. 

Photo-Response Nonuniformity [PRNU]. Percentage 
of peak output level and bottom output level against 
average output level of all valid photo-elements in 
static and uniform light. 



PRNU (%) =( 



Vmax or Vmin . 
1 " 



1)x100 



where 

n = number of valid photo-elements 

Vj = output voltage of each photo element 







-.- 7 


Vmin 


Vmax 




ik 






J, 


/ 
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Average Daric Signal [ADS]. Average output level of 
valid photo-elements with no exposure. 

ADS(mV)=-^IVj 



Working Power Consumption [Pwj- Product of supply 
voltage and current when supply voltage is 12.0 V. 

Spectral Response Range Limits [SR]. Short side and 
long side limits of response spectral range having 
sensitivity above 5 percent of sensitivity of most 
sensitive wavelength. 




Sensitivity [S]. Quotient of the output level divided by 
exposure (lx«s). 

Offset Voltage [Vqs]- Output terminal potential with no 
exposure. 



Dark Signal Nonuniformity [DSNU]. Peak output level 
with no exposure. 



[v: 




; 
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D Q 

R S 



D Q 

R S 



1I-- 



U' 



7ql> 



L I 





Supply voltage for clock generating circuit: 5 V 



l-rr GND ^-^ GND lo]— ' 



r-Oo 



— fT" 010 VoUT [ 

-TT 0RO VOD ] 

— n" 0SHO Vrd . 

-fT Nc voG "leV- 

-fe" NC NC [ 

-{T NC NC ■ 

— fT" 0TGO 0IR [ 
G2 



v+ 



ID 



15 ^ 
kQ > 



rh rn rh m 



2.2 ^ 2.2 

kQ > kO 
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Operating Characteristics 

Ta = 25°C 







Signal Output 




800 

|eoo 

1 400 
200 












/ 










^ 




^^ 







Dark Signal 



Illuminance (lx>s) 



20 30 

Ambient Temperature Ta ( °C) 







Relative Spectrum Response 








r\ 






0.8 




r^ \ 


^^^ 




> 




A 




0.6 


/ 




\ 




/ 




\ 






/ 




\ 






/ 




\ 




0.2 

0.1 

n 


/ 




^ 


y 


v 






\ 








v 



MTF 





^ 








White Fluorescent Lamp 
Lens: f = 38 mm, F4.5 










"^ 


^ 
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Wavelength (//m) 



012345678 
Spatial Frequency (dots/mm) 
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PRELIMINARY INFORMATION 



//PD799 

2048-BIT COD 

IMAGE SENSOR 



Description 

The//PD799 is a CCD (charge-coupled device) linear 
image sensor that changes optical images to electrical 
signals. It has 2048 photo-elements, two lines of 1037- 
bit CCD charge transfer registers, an output amplifier, 
and a compensation signal amplifier. 

The photo-elements have excellent response char- 
acteristics because of their PN junction construction. 
They are 14 by 9 //m separated by 5-ywm channel 
stoppers. 

The CCD charge transfer registers have very high 
transfer efficiency, above 99.996 percent. 

Features 

n Excellent photo-electrical characteristics 

D Single 12-volt power supply 

D Compensation amplifier signal can reduce output 

signal noise 
D High resolution of 16 dots per mm across 25.6-cm 

page 
D Transfer efficiency above 99.996 percent 
D 24-pin ceramic DIP 

Applications 

Facsimile 

OCR (optical character reader) 

Instrumentation 



Ordering information 




Part 

Number Paclcage 


Operating 

Ambient 

Temperature 


/yPD799D 24-pln ceramic DIP 


-25 to +55 °C 



Pin Configuration 


















NCC 


1 


^^ 24 3GND 


VrdC 


2 


23 


DCS 




0rC 


3 


22 DVoD 




VogC 


4 


21 


DVoUT 




NCC 


5 


20 


DNC 




NCC 

02 C 


6 
7 


UPD799D 


D02 




01 c 


8 




3<P^ 




NCC 


9 




D0TG 




G2C 


10 




D0IR 




GlC 


11 




I] ID 




GNDC 


12 




DNC 


83-003275A 











Pin identification 



Pin 


Name 


^Function 


1 


NC 


No connection 


2 


Vrd 


Reset part power supply input 


3 


0R 


Reset gate clock input 


4 


VOG 


Output gate bias input 


5.6 


NC 


No connection 


7,8 


02-01 


Register clock input 


9 


NC 


No connection 


10 


G2 


Test input 


11 


Gl 


Test input 


12 


GND 


Ground 


13 


NC 


No connection 


14 


ID 


Test input 


15 


0IR 


Test input 


16 


0TG 


Transfer gate clock input 


17.18 


01-02 


Register clock input 


19,20 


NC 


No connection 


21 


VOUT 


Output 


22 


Vqd 


Output amplifier power supply input 


23 


CS 


Compensation signal output 


24 


GND 


Ground 




*AII NC pins should be connected to ground. 
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Block Diagram 



01 02 0TG Photo-Elements (2048 bits -r 8 invalid bits) 

17 (J) 18 (J) 16 Cj) Leakage Current / 

Drain Channel CCD Charge Transfer / 
/ Register (1037 bits) 



rOrHD 



"S?S:S 



-a 



I IIHII I III Mil l 



iTOT 



COD Charge Transfer 

Register (1037 bits) 

Transfer Gate 
Leakage Current 
Drain Channel 



>rhf 



11 O 10 6 ISO 8 7 

Gi Ga 0IR 01 02 



JT 



/J- 



!2 6 



a 



"■^ti- 



^R 



-OVOUT 






i 



h 



I Output Amplifier i 



04 03 

VoG 0R 



Photo-Element Construction 



Aluminum Electrode 




, Channel Stopper 
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Electrical Characteristics 

Ta = +25 °C; source of light, 2856 K tungsten lamp; exposure period = 5.0 ms; V|d, Vqd- and Vrd = 



12.0 V; Vqg = 2.0 V; Vqi and Vg2 = V; 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Saturation Output Voltage 


VSAT 


400 


700 




mV 




Saturation Exposure 


SE 




0.20 




lx*s 




Ptioto-Response Nonuniformity 


PRNU 




±14 


±20 


% 


Vqut = 200 mV; infrared cut filter, Corning 1-75 


Average Darl( Signal 


ADS 




3 


10 


mV 


No exposure 


Darl( Signal Nonuniformity 


DSNU 




5 


15 


mV 


No exposure 


Worl(ing Power Consumption 


Pd 


25 


45 


70 


mW 


Current of pins 22 and 2 x supply voltage 


Spectral Response Range Limits 


SR 


0.3 




1.1 


fjm 




Sensitivity 


S 


2000 


3500 


4500 


mV/lx.s 




Offset Voltage 


Vio 


5.5 


7.0 


8.5 


V 


0% level of Vqut ■" timing waveforms 


Output Delay Time 


td 




50 


120 


ns 


t^F of 01 and 02 in t>"iin9 waveforms = 30 ns 



Reference Characteristics 



Limits 


Parameter Min 


Typ Max Unit 


Input Capacitance at 0| or 02 (pins 7, 8, 1 7, 1 8) 400 


800 1200 pF 


Input Capacitance at 0r (pin 3) 5 


10 15 pF 


input Capacitance at 0t6 (pin 1 6) 20 


40 60 pF 


Output Impedance at Vqut or CS (pins 21 , 23) 1 .0 


2.0 3.0 kQ 


Absolute Maximum Ratings 

Ta-+25°C 


Output Amplifier Supply Voltage, Vqd 


-0.3 to +18 V 


Reset Part Supply Voltage, Vrq 


-0.3 to +18 V 


Output Gate Voltage, Vqq 


-0.3 to +18 V 


Register Clocl( Signal Voltage, V^i ^2 


-0.3 to +18 V 


Transfer Gate Clock Signal Voltage, V^tg 


-0.3 to +18 V 


Reset Gate Clock Signal Voltage, V^r 


-0.3 to +18 V 


Operating Temperature, Tqpj 


-25 to +55 °C 


Storage Temperature, Tstg 


-40to+100°C 



Recommended Operating Conditions 

TA = -25to+55°C 



Comment: Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 





Symbol 




Limits 


; 




Parameter 


Min 


Typ 


Max 


Unit 


Output Amplifier Supply Voltage 


VOD 


11.4 


12.0 


12.6 


V 


Reset Part Supply Voltage 


Vrd 


11.4 


12.0 


12.6 


V 


Output Gate Bias Voltage 


Vqg 


1.0 


2.0 


3.0 


V 


Test Terminal Gi Voltage 


Vgi 









V 


Test Terminal G2 Voltage 


Vg2 









V 


Test Terminal ID Voltage 


V|D 


11.4 


12.0 


12.6 


V 


Test Terminal 0|r Voltage 


V0IR 









V 


High Level of Register Clock Signal 


V0102H 


9.0 


12.0 


12.6 


V 


Low Level of Register Clock Signal 


V0102L 


-0.3 





0.5 


V 


Higti Level of Transfer Gate 
Clock Signal 


V^TGH 


9.0 


12.0 


12.6 


V 


Low Level of Transfer Gate 
Clock Signal 


V0TGL 


-0.3 





0.5 


V 


High Level of Reset Gate 
Clock Signal 


V^RH 


9.0 


12.0 


12.6 


V 


Low Level of Reset Gate 
Clock Signal 


V0RL 


-0.3 





0.5 


V 


Register Clock Signal Frequency 
(see Note) 


^01 02 




0.2 


1.75 


MHz 


Reset Gate Clock Signal 
Frequency (see Note) 


Vr 




0.4 


3.5 


IVIHz 




Note: At lower frequencies, tp of output signal is >100 ns. (See 
Timing Waveforms.) 
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0R JLJ 



-^^-fi-'T-n-f^-fi-fi-fyyw 



No Photo-elements 



Invalid 
Photo-elements 




n_rLJT-JLJl-JT-Jl-JLJTJT-Jl_n-. 



Valid Photo-elements 



invalid 
Photo-elements 



3 
< 



3 

(A 



1^ 

D 
<0 



No Photo-elements 



t0R(<5Ons) 



20 ns < t0i < 100 ns 

-t0F (20 to 100 ns) 





5fjs 

100 ns Min 100 ns 
MIn IVIin 



• The crossing voltage of <p^ and <p2 should be kept above Vqg + 1 V. 

• The register clock signal should be not more than 1038 cycles. 

• Width of the transfer gate pulse should be less than 20 //s. 



§ 
S 



SEC 



//PD799 



Definitions of Electrical Parameters 

Saturation Output Voltage [VsatI- An output signal 
level above which the PRNU (photo-response non- 
uniformity) is >10% or the response is nonlinear. 

Saturation Exposure [SE]. Product of illuminance (Ix) 
and exposure period (s) in which the output is 
saturated. 

Photo-Response Nonuniformity [PRNU]. Percentage 
of peak output level and bottom output level against 
average output level of all valid photo-elements in 
static and uniform light. 



PRNU (%) =( 



V^ 



[OrVMir 



1)x100 



1" 

where 

n = number of valid photo-elements 

Vj = output voltage of each photo element 







... 1 


Vm!N 

V 


Vmax 




ik' 






_^ 


/ 
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Average Daric Signal [ADS]. Average output level of 
valid photo-elements with no exposure. 



Working Power Consumption [Pw]- Product of supply 
voltage and current when supply voltage is 12.0 V. 

Spectral Response Range Limits [SR]. Short side and 
long side limits of response spectral range having 
sensitivity above 5 percent of sensitivity of most 
sensitive wavelength. 




Sensitivity [S]. Quotient of the output level divided by 
exposure (lx«s). 

Offset Voltage [Vqs]- Output terminal potential with no 
exposure. 



ADS (mV)=-^I Vj 

Dark Signal Nonuniformity [DSNU]. Peak output level 
with no exposure. 





\ 




1 
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\^ 




DSNU 
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Example of Driving Circuit 

(Sheet 1 of 2) 



3pF 



Crystal resonator 
(f = 14 MHz) 




HI>^^I>^ 



Lrr 



8-22 



NEC 



AfPD799 



Example of Driving Circuit (Cont.) 

(Sheet 2 of 2) 



11:^1 



I 



i>l{:t>4->- 



I 22 kO I I 

I 1,000 pF r."^02'^"l 



otC:>H>o 



I 22 kO 
I 



1,000 pF 



^>H:r>i->- 



22 kO L_ 

1,000 pF r~ 



«>H:r}V>- 




"0026" type MOS memory interface 



Note: 

(1) Supply voltage for clock generating circuits is +5 V. 

(2) If ringing is present on the 0r waveform, try connecting a resistor and 
capacitor in series between pin 3 and ground as a damping circuit. 
Approximate values are 68 Q and 330 pF. 
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Operating Characteristics 

Ta = 25°C 



4^mnal Oiitniit 



800 
600 
400 
200 










y 


/ 








y 


y 




y^ 







Illuminance (lx«s) 



Ambient Temperature Ta (°C) 





Relative Spect 


rum Response 






r\ 








r^ \ 
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V 
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\ 








V 







-^ 






White Fluorescent Lamp 
Lens: f = 38 mm, F4.5 










"^ 


^ 
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Wavelength (jum) 



Spatial Frequency (dots/mm) 
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Section 9 — Packaging information 

Packaging Information 9-1 

Thermal Information 9-13 

Taping Specifications 9-15 

Surface Mounting Specifications 9-23 
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PACKAGING INFORMATION 



8-Pln Plastic DIP (300 mil) 



Item 


Millimeters 


Inches 


A 


10.5 max 


.413 max 


B 


2.54 [TP] 


.100 [TP] 


c 


.5 


.002 


D 


2.7 min 


.106 


E 


5.80 max 


.228 


F 


.5 


.002 


G 


6.40 [TP] 


.252 [TP] 


H 


7.62 


.300 


1 


.25 


.010 



\ J\ /\ pT 


K 


L? tf V y 

1 4 



Notes: 1. Eacli lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 
2. Item "G" to center of leads when 
formed parallel. 



'IS 



" .1 
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8'Pin Plastic DIP (300 mil) (fjPC3423 only) 



Item 


Millimeters 


Inches 


A 


10.5 max 


.413 


B 


2.54 [TP] 


.100 [TP] 


C 


.5 


.002 


D 


3.5 


.138 


E 


4.7 


.185 


F 


3.8 


.150 


G 


6.40 [TP] 


.252 [TP] 


H 


7.6 


.299 


i 


.3 


.012 


J 


1.2 


.047 



Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 

Item "G" to center of leads when 
formed parallel. 



fif^^fifi 


D 


1 4 

^ ^ 
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14-Pfn Plastic DIP (300 mil) 



item 


Millimeters 


Inches 


A 


20.32 max 


.800 max 


B 


2.54 max 


.100 max 


C 


2.54 [TP] 


.100 [TP] 


D 


.50 ± .10 


-^:SS 


E 


1.2 min 


.047 min 


F 


3.6 ± 0.3 


.142 ±.012 


G 


.51 min 


.020 min 


H 


4.31 max 


.170 max 


1 


5.08 max 


.200 max 


J 


7.62 [TP] 


.300 [TP] 


K 


6.4 


.252 


L 


25 +•■'0 
•25 +.05 


•010 -.003 



AAAAAAA 


s 


J 


1 7 



. Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 

, Item "J " to center of leads when 
formed parallel. 
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16'Pin Plastic DIP (300 mil) 



Item 


Millimeters 


Inches 


A 


20.32 max 


0.8 max 


B 


1.27 max 


.05 max 


C 


2.54 [TP] 


.10 [TP] 


D 


.5 ± .10 


no + 004 

.02 „._ 

-.005 


E 


17.78 


.70 


F 


1.2 min 


.047 min 


G 


3.5 ± .3 


.138 ±.012 


H 


.51 min 


.02 min 


1 


4.31 max 


.17 max 


J 


5.08 max 


.2 max 


K 


7.62 [TP] 


.3 [TP] 


L 


6.4 


.252 


M 


•25 -.05 


01 +004 
•01 -.003 


N 


1.0 min 


.039 min 



Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
Item "K" to center of leads when 
formed parallel. 



ftfiAftfiAftfl 


s 


J 


yyyyyyyy 
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18-Pin Plastic DIP (300 mil) 



Item 


Millimeters 


Inches 


A 


22.86 max 


.9 max 


B 


1.27 max 


.05 max 


C 


2.54 [TP] 


.10 [TP] 


D 


.5 ±.10 


- '-Z 


E 


20.32 


.8 


F 


1.2 min 


.047 min 


G 


3.5 ± .3 


.138 ±.012 


H 


.51 min 


.02 min 


1 


4.31 max 


.17 max 


J 


5.08 max 


.2 max 


K 


7.62 [TP] 


.3 [TP] 


L 


6.4 


.252 


M 


oc +■■'0 
•25 -.05 


„. + .004 
■°1 -.003 


N 


1.0 min 


.039 min 



Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 

Item "K" to center of leads when 
formed parallel. 
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20'Pin Plastic DIP (300 mil) 



Item 


Millimeters 


Inches 


A 


25.40 max 


1.0 max 


B 


1.27 max 


.05 max 


C 


2.54 [TP] 


.10 [TP] 


D 


.5 ± .10 


02 +-°°* 
•°2 -.005 


E 


22.86 


.9 


F 


1.1 min 


.043 min 


G 


3.5 ± .3 


.138 ±.01 2 


H 


.51 min 


.02 min 


1 


4.31 max 


.17 max 


J 


5.08 max 


.2 max 


K 


7.62 [TP] 


■3 [TP] 


L 


6.4 


.252 


M 


OR +-10 
•25 -.05 


01 +-°°'* 

•"^ - .003 


N 


.9 min 


.035 min 



Notes: 1. Each lead centerline is located 
within .25 mm [.01 inch] of Its true 
position [TP] at maximum mate- 
rial condition. 
2. Item "K" to center of leads when 
formed parallel. 
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22-Pin Plastic DiP (400 mil) 



rtem 


Millimeters 


inches 


A 


27.94 max 


1.100 max 


B 


1.27 max 


.050 max 


C 


2.54[TP] 


.100[TP] 


D 


.50 ± .10 


•020 +s;; 

-.005 


E 


1.2 min 


.047 min 


F 


3.5 ± 0.3 


.138 ±.01 2 


G 


.51 max 


.020 max 


H 


4.31 max 


.170 max 


1 


5.72 max 


.226 max 


J 


10.16[TP] 


.400[TP] 


K 


8.6 


.339 


L 


•25 +.05 


""^r 


M 


0.8 min 


.031 min 



RAAAAAAAAAfl 


■\ 


J 
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1. Each lead centerline Is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 

2. Item "J" to center of leads when 
formed parallel. 




24-Pin Plastic DIP (600 mil) 



Item 


Millimeters 


Inches 


A 


33.02 max 


1.3 max 


B 


2.54 max 


.10 max 


C 


2.54 [TP] 


.10 [TP] 


D 


.5 ±.10 


02 +-°°* 
•"^ -.005 


E 


27.94 


1.1 


F 


1.2 min 


.047 min 


G 


3.6 ± .3 


.138 ± .012 


H 


.51 min 


.02 min 


1 


4.31 max 


.17 max 


J 


5.72 max 


.226 max 


K 


15.24 [TP] 


.60 [TP] 


L 


13.2 


.52 


M 


•25 -.05 


-. + .004 
■°' -.003 



1. Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 

2. item "K" to center of leads when 
formed parallel. 
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28-Pln Plastic DIP (600 mil) 



Item 


Millimeters 


Inches 


A 


38.1 max 


1.5 max 


B 


2.54 max 


.10 max 


C 
D 
E 


2.54 [TP] 
.5 + .10 
33702 


.10 [TP] 

02 +°°^ 
■"'^ - .005 

1.3 


F 
G 


1.2 min 
~T6"±.3 


.047 min 
.142 ±.012 


H 


.51 min 


.02 min 


1 


4.31 max 


.17 max 


J 


5.72 max 


.226 max 


K 


15.24 [TP] 


.60 [TP] 


L 


13.2 


.52 


IVI 


•" -.05 


01 +°°* 
■°^ -.003 
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Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 

Item "K" to center of leads when 
formed parallel. 



'^'-T- 


TTTTnTTm 


:-:T-±t 


1: ^ 










- 


E 


c 
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28'Pin Plastic Shrink DIP (400 mil) 



Item 


Millimeters 


Inches 


A 


28.46 max 


1.121 max 


B 


2.67 max 
2.54 [TP] 


.106 
.100 [TP] 


D 


.50 ± .10 


"'-Z 


E 


24.89 


.98 


F 


.9 min 


.035 min 


G 


3.2 ± 0.3 


.126 ± 012 


H 


.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K 

L 


10.16 [TP] 
8.6 


.400 [TP] 
.3^9 


M 


-^::^ 


01 +00^ 

"^ -.003 



1. Each lead centerline Is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 

2. Item "K" to center of leads when 
formed parallel. 



MMMMMMM 
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14'Pin Ceramic Package (300 mil) 



Item 


Millimeters 


Inches 


A 


19.9 max 


.78 max 


B 


2.35 


.09 


C 


2.54 [TP] 


■1 [TP] 


D 


.46 


.018 


E 


15.2 


.6 


F 


1.5 


.059 


G 


3.0 min 


.118 min 


H 


.5min 


.02 min 


1 


4.58 max 


.181 max 


J 


5.08 max 


.2 max 


K 


7.62 [TP] 


.3 [TP] 


L 


6.4 


.25 


M 


.25 


.01 



Notes: 1. Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 
2. Item "K" to center of leads when 
formed parallel. 



A A A A A A A 

n n n n n n n 




16'Pin Cerdip Package (300 mil) 



Item 


IMillimeters 


Inches 


A 


19.9 max 


.784 max 


B 


1.06 


.042 


c 


2.54 [TP] 


.10 [TP] 


D 


.46 ± .10 


.018 ± .004 


E 


17.78 


.70 


F 


1.5 


.059 


G 


2.54 min 


.10 min 


H 


.5 min 


.019 min 


1 


4.58 max 


.181 max 


J 


5.08 max 


.20 max 


K 


7.62 [TP] 


.30 [TP] 


L 


6.4 


.25 


M 


oc +■■'0 
■25 -.05 


+ .0039 
■°°^^- .0019 



AftftftAAftft 
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1. Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 

2. Item "K" to center of leads when 
formed parallel. 
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18-P!n Cerdip Package (300 mil) 



Item 


Millimeters 


Inches 


A 


23.2 max 


.91 max 


B 


1.44 


.055 


C 


2.54 [TP] 


.10 [TP] 


D 


.45 


.02 


E 


20.32 


.8 


F 


1.2 


.06 


G 


2.5 min 


.Imin 


H 


.5min 


.02 min 


1 


4.6 max 


.18 max 


J 


5.1 max 


.2 max 


K 


7.62 [TP] 


■3 [TP] 


L 


6.7 


.26 


M 


.25 


.01 



Notes: 1. Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 
2. Item "K" to center of leads when 
formed parallel. 



AAAAAAAftft 
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20'Pln Ceramic DIP (/jPD795D) 



28.0 (1.10) max. 



-i-l lA 



--h- 



2.54 

(0.10) 



Unit: in millimeters (inches) 

Cover Glass 
Thicl<ness: 0.5 millimeters 
Refraction ratio: 1.76 (In air) 



" 2.5 
(0.098) 



0.5 
(0.020) 



10.3 
(0.41) max. 




From surface of chip- 
to outside of glass 
1.27 (0.050) 
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24'Pin DIP (fjPD791D) 



43.0 (1.69) max. 



Unit: in millimeters (inches) 

Cover Glass 
Thickness: 0.5 millimeters 
Refraction ratio: 1.76 (in air) 



- From surface of chip 
to outside of glass 
1.40 (0.055) 




0.25(0.0098)- 
15.5 (0.61) ±0.3 



24'Ptn DIP (fiPD799D) 



43.0(1.69) max. 



mmninri 



Unit: in millimeters (inches) 

Cover Glass 
Thickness: 0.5 millimeters 
Refraction ratio: 1.76 (in air) 



- From surface of chip 
to outside of glass 
1.40(0.055) 




0.25 (0.0098)- 
15.5 (0.61) ±0.3 



(0.031) 0.6 
(0.024) 
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8-Pln Plastic MInlflat (225 mil) 



Item 




Inches 




5.70 max 


.22 max 




.94 max 


.037 max 




1.27 [TP] 


.05 [TP] 




"iis 


•°i«-:SS2 




.1 + .1 


.004 ± .004 




1.49 max 


.059 max 




1.80 min 


.071 max 




6.5±.3[TP] 


.256 + .011[TP] 




4.4 max 


.173 max 




15 + "'° 
•^^ -.05 


006 + °°* 
■°°^ -.002 


K 


1.1 max 


.004 max 


L 


.6 + .2 


.024 ± .008 



Note: Each lead centerllne Is located within 
0.12 mm (0.005) of its true position 
(TP) at maximum material condition. 



3 B B E 


o 
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A 



U-Pin Miniflat IC (225 mil) 



item 


Millimeters 


Inches 


A 


10.46 max 


.412 max 


B 


1.42 max 


.056 max 


C 


1.27[TP] 


.050[TP] 


D 


•«-:;2 


■-^:SS5 


E 


.1±.1 


.004 + .004 


F 


1.8 max 


.071 max 


G 


1.49 


.059 


H 


6.5 ± .3 


.256 ± .012 


1 


4.4 


.173 


J 


1.1 


.043 


K 


15 + ''° 
■^5 -.05 


"-'-■Z 


L 


.6 ±.2 


-^;SSJ 



Note: Each lead centerllne is located within 
0.12 mm (0.005) of its true position 
(TP) at maximum material condition. 



B B H H H H H 



o 
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24'Pln Ceramic Flatpack B 



Item 


Millimeters 


Inches 


A 


.43 ± .05 


.017 ± .002 


B 


1.27 typ 


.050 typ 


C 


6.35 min 


.250 min 


D 


6.60 ± .15 


.260 ± .006 


E 


19.30 ± .15 


.760 ± .006 


F 


13.97 typ 


.550 typ 


G 


10.11 ±.18 


.398 ± .007 


H 


7.49 ret 


.295 ret 


1 


3.05 


.120 max 


J 


.305 


.012 min 


K 


.13 ± .03 


.005 ± .001 



! ^==a.:.jE— 




























F 
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3-Pm SIP TO'220 



Item 


Millimeters 


Inches 




10.66 max 


.420 max 




2.54 [TP] 


.100[TP] 




+.34 
•^ -.29 


-::2!? 




1.3 


.051 




6.35 max 


.250 max 




12.7 min 


.500 min 




5.85 min 


.230 min 




30 ^-^^ 
—.46 


118 + 0^2 
■^^®-.018 




4.82 max 


.190 max 




1.3 + .2 


.051 ± .008 


K 


2 8 +•"'2 
2-^ -.76 


•-^:SS? 


L 


.5 ±.2 


.020 ± .008 


M 


5.33 max 


.210 max 


N 


15.87 max 


.625 max 



Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 
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3-Pln SIP TO-92 



Item 


Millimeters 


Inches 


A 


5.2 max 


.205 max 


B 


1.27 max 


.067 max 


c 


.5 


.002 


D 


2.54 


.100 


E 


14min 


.551 min 


F 


5.5 max 


.217 max 


G 


4.2 max 


.165 max 


H 


1.77 max 


.070 max 



E 




9-Pm Plastic SIP 



Item 


Millimeters 


Inches 


A 


22.86 max 


.900 max 


B 


1.27 max 


.05 


C 


2.54 [TP] 


.100 [TP] 


D 


1.1 min 


.004 min 


E 


2.9 min 


.114 min 


F 


5.08 max 


.200 max 


G 


5.72 max 


.225 max 


H 


3.0 max 


.118 max 


1 


1.5 max 


•059 +2;; 

-.020 


J 


-;:;^ 


006 + °°'' 
■°°^ -.002 


K 


1.1 


.004 


L 


.5 


.2 


M 


.51 min 


.2 min 



J L 


J L 


J L 


J L 


J I 


J L 


J L 


J L 


-^ 




c 





r 



Each lead centerline is located 
within .25 mm [.01 inch] of its true 
position [TP] at maximum mate- 
rial condition. 
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Thermal Information 

The power dissipation capability of semiconductor 
devices is limited by the maximum allowable junction 
temperature, the ambient temperature, and the thermal 
resistance between the junction and the ambient 
environment. 

The temperature difference between the junction and 
the ambient environment is determined by the fol- 
lowing equation. 

Tj - Ta = Pd ^ja 

where Tj = junction temperature, °C 

Ta = ambient temperature, °C 

Pd = power dissipation, W 

^JA = thermal resistance, junction to 

ambient, °C/W 

The maximum allowable junction temperature is 150°C, 
however, the maximum junction temperature of plastic 
package IC's should be 125°C because of the storage 
temperature range limitation. 

The dissipation derating curves that follow assume the 
ambient environment is still air, and that no heat sink is 
used. 

1. 8 Pin Metal Can Package and Cavity DIP 

Dissipation Derating Curve 



5 

c 400 

















\ 


k:"^ 










\ 



































Ambient Temperature (°C) 



^jA = 200°C/W typ. Tj max = 150°C 

The maximum power dissipation value of 500 mW has 
been fixed considering the practical applications of 
operational amplifiers and comparators. 



2. 14 Pin Through 20 Pin Cavity DIP 

Dissipation Derating Curve 



1000 




1 1 

OP Amps and Comparators 












■-\. 1 1 mw/"U 


9 

E 

1 «00 








> 








1 
D/A A/D Converters 




1 400 

Loo 































Ambient Temperature ( °C) 



^jA = 90°C/W typ. Tj max = 150°C 

The maximum power dissipation value has been fixed 
considering the practical applications. 



Operational Amplifiers and Comparators 
D/A, A/D Converters 

3. 8 Pin Plastic Molded DIP 

Dissipation Derating Curve 



900 mW 
500 mW 



600 












1 

"^ 400 




















5mW/°C 




•! ■ 






^ 


I '°° 














1 

100 



























Ambient Temperature ( °C) 

(except for /yPC4556C, //PC4557C, //PC4560C, 
//PC1555C) 

^jA = 200°C/W typ. Tj max = 125°C 

The maximum power dissipation value of 250 mW has 
been fixed considering the practical applications of 
operational amplifiers and comparators. 
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4. 8 Pin Plastic Molded DIP 

Dissipation Derating Curve 



1000 












E 






7mW/°C 












Q 

1 «° 








^v_ 










^N^ 





















Ambient Temperature ( °C) 

(For/iPC4556C, //PC4557C, //PC4560C, 
//PC1555C) 

^jA = 140°C/W typ. Tj max - 125°C 

The maximum power dissipation value has been fixed 
considering the maximum junction temperature and 
the practical applications of those IC's. 

/iPC4556, //PC4557, /yPC4560C 700 mW 

/iPC1555C 600 mW 



5. 



14 Pin Plastic Molded DIP 

Dissipation Derating Curve 

1000 I 




Ambient Temperature ( °C) 



^JA = 1 40 °C/W typ. Tj max = 1 25 °C 

The maximum power dissipation value of 570 mW has 
been fixed considering the practical applications of 
operational amplifiers and comparators. 



6. Miniflat Package 

When the miniflat IC's are mounted on a hybrid IC, the 
heat radiation through the leads is increased. When 
resin coated, the heat radiation through the environ- 
ment is further increased. As a result, the thermal 
resistance in the mounted state is much smallerthan in 
element form alone. 

It is suggested that the heat dissipation in actually 
mounted condition be fully investigated. 

6A. 8 Pin Mini flat Package 

Dissipation Derating Curve 





















500 


































400 






*V^^^ 
















^ 


*V,^^5mW/°C 








300 








^V 


^^ 
















V, 


^^ 






200 












^ 


■v^ 
















^^ 






100 



























































Ambient Temperature ( °C) 

^jA = 220°C/W typ. Tj max = 125°C 

The maximum power dissipation value of 440 mW has 
been fixed considering the maximum junction temp- 
erature and the practical applications of miniflat IC's. 

6B. 8 Pin Mini flat Package 

Dissipation Derating Curve 







550 mW 






One Element Only 


500 
5 






\, 
















^ 


\ 










E 








^S 


^5.5 mW 


/°C 














'\, 








o. 

1 300 

D 












N 
























a 200 






































100 



























































Ambient Temperature (°C) 



^jA = 180°C/W typ. Tj max = 125°C 

The maximum power dissipation value of 550 mW has 
been fixed considering the maximum junction temp- 
erature and the practical applications of miniflat IC's. 
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Taping Specifications 

Tape and reel shipping has been used for many years 
In Japan for shipping surface nnount transistors and 
capacitors. Currently, 75% of surface mount transistors 
are shipped via this method. Tape and reel speci- 
fications, formally established by Japanese Standard 
RC-1009A for 12 mm tape, has now been expanded to 
include surface mount ICs. 

Surface mount technology in the United States has 
recently come of age, and In May of 1985 the El A 
developed Standard EIA481 for Embossed Tape and 
Reel Packaging. NEC has adjusted the current 
Japanese standard to comply with EIA481 , and is now 
shipping surface mount devices to this specification. 

Because of the need for electrostatic packaging, NEC 
chose to manufacture the tape using carbon/PVC 
material. This type of "filler mixed" plastic is difficult to 
emboss, thus the actual tape manufacturing is done by 
the Sumitomo Bakelite Corp in Japan. 



The actual manufacturing process is shown in Figure 
1 . First, rolled sheet material is slittlzed and embossed. 
Next, the sprocket holes are punched, and aligned with 
the embossed pockets to a tolerance of ±50 microns. 
Finally, the pocket holes are punched, and the tape is 
cut to length and put on the reel. 

Specifications: 

NEC's embossed tape Is manufactured to EIA481 
specifications with special attention paid to dimen- 
sional accuracy. See Table 1 and Figure 2. Table 2 and 
Figure 3 show Reel Dimensions. Figure 4 illustrates the 
Tape End Configurations. Figure 5 shows component 
placement in the tape pockets. Table 3 gives the device 
package-to-tape width specifications. Figures 6, 7 and 
8 show the tape and reel specifications for the 
specialized case of 8, 14 and 16-pin miniflats. 



Figure 1. Manufacturing Processes of Embossed 
Carrier Tape 




Rolled Sheet 
W = 6 m. L = 600 to 1000 n 




o 




Sprocket Hole 
Opening 



o 




Pocket Hole 
Opening 



o 



Pocket 
Embossing 



o 





hCut 
and Packing 



o 
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Table 1. 


8, 


12, 16, 24 


mm Embossed Tape 












Tape Size 




D 


E 


Po 


t(IViax.) 


Ao,Bo,Ko 








8,12. IB. 
24 mm 




— u.u 


1.7&±0.10 
(.069 ± .004) 


4.0 ±.10 
(.157 + .004) 


0.400 
(.016) 


See Note 1 
Table 2 






Constant 
Dimensions 




Tape Size 




iVIax. 


IVIin. 


F 


K 
IVIax. 


P2 


R 
Min. 


W 





8 mm 



4.2 
(.165) 



1.0 



3.5 ± 0.05 
(.138 ±.002) 



2.4 
(.094) 



12n 



8.2 
(.323) 



5.5 ± 0.05 
(.217 ±.002) 



4.5 
(.177) 



2.0 ± 0.05 
(.079 ± .002) 



25 
(.984) 



8.0 ± .30 
(.31 5 ±.01 2 



30 
(1.181) 



12.0 ±.30 
(.472 ±.01 2) 



15 mm 



12.1 
(.476) 



1.5 



24 mm 



20.1 
(.791) 



7.5 ±0.10 
(.295 ± .004) 

11.5 ±0.10 
(.453 ± .004) 



6.5 
(.256) 



2.0 ±0.10) 
(.079 ± .004) 



40 
(1.575) 



18 ±.30 
(.630 ±.01 2) 



50 



24 ± .30 
(.945 ±.01 2) 



Variable 
Dimensions 













p 








Tape Size 


4.0 + 0.10 
(.157 + .004) 


8.0 + 0.10 
(.31 5 + .004) 


12.0 + 0.10 
(.472 ± .004) 




16 + 0.10 
(.630 + .004) 


20 + 0.10 
(.787 + .004) 


24 + 0.10 
(.945 + .004) 


8 mm 


X 














12 mm 


X 


X 












16 mm 


X 


X 


X 










24 mm 






X 




X 


X 


X 



Notes: 

1 . Aq Bq Kq are determined by component size. Tine clearance between the component and the cavity must be within 0.05 (.002) min. to 0.50 
(.020) max. for 8 mm tape, 0.05 (.002) min. to 0.65 (.026) max. for 12 mm tape, 0.05 (.002) min. to 0.90 (.035) max for 16 mm tape and 0.05 
(.002) min. to 1 .00 (.039) max. for 24 mm tape and larger. The component cannot rotate more than 20° within the determined cavity, see 
below. 

2. Tape and components shall pass around radius "R" without damage. 





f- 






i 


^ 


^ — Typical component cavity 
center line 

^Typical 






\y 


center line 

S3 0031 23A 
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Figure 2. Embossed Carrier Dimensions 



rM 



r 



10 

cumulative 
tolerance on 
tape 
±0.2 
L [±0.008] 



rz 



:^ 



- Top 
cover 
tape 



See Note 1 
Table 



For Machine Reference Only 
Including Draft and Radii 
Concentric Around Bo 






1 




-©- 














User Direction of Feed 



Center lines ^ P^ 

of cavity ^o"" components 

2.0 mm X 1.2 mm 
and larger. 




"Top cover 

tape thicicness [ti] 

0.10 




I Bending radius 
See Note 2 
Table 



Embossed - 
camber 



Embossment 
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Figure 3. Reel Dimensions 




'Drive Spokes optional if used 
asterisked dimensions apply. 



i 



r 



Tape slot 

inc 

(or tape start. 

2.5 [.098] Min Width 

10 [.3d4] Min Depth 



G [measured at hub] - 



1 

— N 

A 



Table 2. 


Reel Dimensions 














Tape 
Size 


A 
Max. 


B 
Min. 


C 


D 
Min. 


N 
Min. 


G 


T 
Max. 


8 mm 


330 
(12.992) 


1.5 
(.059) 


13.0 ±0.20 
(.512 ±.008) 


20.2 
(.795) 


50 
(.1969) 


fl,+1.5 
^•^-0.0 

(•331 !oT) 


14.4 
(.567) 


12 mm 


330 
(12.992) 










(■^B8-Tl 


18.4 
(.724) 


16 mm 


380 
(14.173) 










(.646-078, 


22.4 
(.882) 


24 mm 












^^-0.08 


30.4 
(1.197) 


32 mm 












32-4 !^g 




44 mm 
















55 mm 


609 
(23.976) 








100 
(3.937) 


(2.220-078, 





Metric dimensions will govern. 

English measurements rounded and for reference only. 
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Figure 4. Tape End Configurations 



b 0/(0 o 




- No Components - 




o o 



- Empty component - 
pockets sealed 
with cover tape 



User Direction of Feed 



-No Components 



Min 500 [19.685] _ 
Max 560 [22.047] 




Figure 5. SO-iC Devices 




1= ° 



o 



o 




User Direction of Feed 
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Table 3. SO-IC Devices 



Component 




Tape Size mm (W) 


Part Pitch (P) 


sn.in 


8 


12 


8 


225 mil MF 


14 
16 


16 
16 


8 
8 




14L 


16 


12 


SO-IC 
375 mil MF 


16L 
20L 
24L 


16 
24 
24 


12 
12 
12 




28L 


24 


12 




18 


24 


12 


PCC 


20 
28 


16 
24 


12 
16 




44 


32 


24 




52 


32 


24 




68 


44 


32 


PCC 


84 


44 


36 




100 


44 


40 




124 


56 


48 



Figure 6. Embossed Carrier Dimensions 



♦ 4.0 ±0.1-^ 







P P 

e 



Direction of Feed 







e 



<> 



-8.0 ± 0.1 » 




-e- 



-e- 




lk:=m 
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Package Bq 


w 


F 


8pSMF 5.4 ±0.1 


12.0 ±0.3 


5.5 ± 0.1 


14.16pSMF 10.45 ±0.1 


16.0 ±0.3 


7.5 ±0.1 


SMF: 225 mil Miniflat 


SpSMF 




14,16 SMF 


W 12.4 + 2-0 




iRd + 2.0 
16.4 _o 


T 18.4 Max 




22.4 Max 



SMF: 225 mil Miniflat 

Figure 7. Reel Size 




-[100] 

i 



U 028 ±0.8 ► 




Figure 8. Cover Tape Peel Strength: 40±25g 



Peel Off Speed 120 ±.5 mm/min 

- Cover Tape 





D=C 



i 
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SEC 



Placement and Fixing 
with Position Adjustment 



IMounting 
Reiease and Picic up 



O 



Vacuum 
Checic 



^_^ 



Poi(e Up 
Needle 












Vacuum 
Checic 



A.^. k 



a 



to Roll Up Wheel 
2 to 3 sec/pcs 







Vacuum 
Check 



Taping 



Sealing by Thermal Compression 



from 
Feeder Roll 







Jf ji A \ f u D ^pi ^{r^kjni^ 



"Embossed Carrier Tape 



Cover Tape 



Stamping Base 



y— (jover I 



c> 







Vacuum 
Check 



jzxink^^^JnL 



Embossed Carrier Tape 



T 
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Surface Mount Information 

Structure 

The designation for industrial linear IC (ILIC) in the 
miniflat package is "G2." Figure 1 shows a cutaway 
view of the miniflat G2 package. The die (chip) is 
mounted to the center lead frame island, with bonding 
pads to the external leads. 

The lead frame is made from 42 Alloy with silver (Ag) 
paste used for die attachment. The body is high-purity 
molded epoxy for high reliability. 

Figure 2 shows the package cross section. 

Package Outline 

In 1981, the EIAJ (Electronic Industry Association of 
Japan) set the standards for Surface Mount ICs. They 
required that devices manufactured in Japan attain 
higher resistance to environmental factors (humidity, 
shock, and vibration) than existing Small Outline 
Integrated Circuit (SOIC) devices. The resulting pack- 
age is known as the 225-Mil S.O. Specification. 

Figure 3 illustrates the difference between the NEC 
miniflat (G2) and the S.O. type package. 

The body or molded portion of the NEC miniflat is 4.4 
mm wide compared to 4.0 mm for the S.O. package. 
The lead bend of the NEC miniflat adds an additional 
0.1 mm, for a net difference of approximately 0.5 mm in 
overall footprint width (miniflat vs. SOIC). All other 
dimensions (such as lead pitch, length, and spacing) 
are the same. 

The larger package size of the NEC miniflat allows a 
larger die to be mounted in 8- and 14-pin packages, 
(e.g. BIFET op amp), which increases the variety of 
circuits available in the G2 package. See Package 
Information Section for the outline dimensions of 8-pin 
and 14-pin G2 packages. 

Figure 1. Internal Structure (8-Pin Type) 



Bonding Wire [Auj 




External Lead [Solder Plated] 



Figure 2. Cross Section of a Miniflat IC 




Figure 3. Compatible Footprint Pattern for NEC 
nniniflat IC and SOIC 



_ 6.2 Max _ 
[6.0 Typ] 



NEC MINIFLAT 




+0.3 _ 
-0.3 



1.27 

i 



225 
5.72 



Note: Foot- print dimensions are in mil/mm. 



Handling Techniques 

To work with the NEC miniflat IC without jeopardizing 
the quality and reliabilty, it is necessary to exercise 
more care than when handling standard DIP ICs. 

Environmental conditions and handling precautions 
for the NEC miniflat IC family are described below. 

Circuit Design 

The electrical characteristics of the NEC miniflat IC are 
guaranteed the same as those of standard DIP ICs. 

Since heat radiation is improved when the IC is 
mounted on the substrate, power dissipation Pjcanbe 
changed in actual use. However, the degree of change 
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largely depends on the method of mounting (size of 
substrate, coating method, etc). Therefore, full eval- 
uation of the mounted board should be made in 
advance. 

Total Power Dissipation and Thermal Resistance 

Figures 4 and 5 show the total power dissipation 
characteristics of the NEC miniflat IC family. 

As shown in the figures, thermal resistanceforasingle 
element Is approximately 180°C/W for the 14-pin IC, 
and approximately 220°C/W for the 8-pin IC. 

When mounted on a hybrid IC or PW-board, the heat 
radiation through the leads is increased. With resin 
coating, the heat radiation through the resin to the 
environment is further increased. As a result, the 
thermal resistance In the mounted state is much lower. 

It is suggested that the heat dissipation in actual 
finished mountings be fully analyzed prior to pro- 
duction. 

Figure 4. PtTj Characteristic (8-Pin Type) 
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Figure 5. PtTj Characteristic (14-Pin Type) 
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Soldering and Flux Temperature 

Exposure to high temperatures over time should be 
carefully monitored to insure prolonged reliability. As 
An Absolute Maximum Rating, exposure to the follow- 
ing must not exceed 260 °C for 10 seconds. 

• Solder dipping 

• Soldering iron 

• High-temperature atmosphere 

Rosin flux (pine resin) is recommended as soldering 
flux. 

NOTE: Avoid flux containing chlorine. Residual 
chlorine after cleaning may affect reliability. 

Cleaning 

Flux should be thoroughly removed after soldering. 
Alcohol, Chlorocene, and Freon are all acceptable 
solvents; however, prolonged immersion in these 
solvents may remove printed markings. 

Ultrasonic cleaning can also be applied if other 
components mounted on the same board can with- 
stand it. 

Protection Against Humidity 

Being super-miniaturized and employing a thinner 
plastic than standard DIP ICs, the miniflat IC has 
shorter leakage paths and requires much more pro- 
tection against humidity. 

Generally, anti-humidity protection is provided by 
resin coating after mounting on board. Examples of the 
process are described below. 

• When sealed in an airtight package, no precoating is 
necessary. 

• When sealed with resin, a buffer coating may be 
required as the resin contraction may exert stress on 
ICs when sealing. Sufficient evaluation should be 
made on the actual board. 

For buffer coating, the use of resin with a certain 
degree of viscosity is suggested. 

Pleaseconsultthe resin manufacturers for appropriate 
encapsulation resin and coating materials. 



50 75 100 

Junction Temperature ( °C) 
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